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NOUVELLES RECHERCHES SUR LA 
FACILITATION ET L’INHIBITION DES 
POTENTIELS EVOQUES CORTICAUX DANS 
LYEVEIL RETICULAIRE 


F, BREMER, N. STOUPEL Et P. CH. Van REETH 


Laboratoire de Pathologie Générale de l’Université de Bruxelles, Belgique 


INTRODUCTION 


Les recherches qui font l’objet du présent ‘travail ont eu comme 
but de préciser le mécanisme des modifications des potentiels évoqués 
corticaux dans l’éveil cérébral provoqué—par une stimulation élec- 
trique des formations réticulaires mésencéphalique ou thalamique 
ou par une excitation sensorielle, et de dégager, si possible, la’ signifi- 
cation fonctionnelle de ces modifications. 


METHODES 


Les expériences ont été, pour la plupart, exécutées sur la préparation 
encéphale isolé du chat. Quelques unes ont été faites sur l’animal (chat ou 
lapin) immobilisé au flaxédil. Les techniques de stimulation et de dérivation 
des potentiels évoqués ont été décrites dans deux mémoires précédents (4, 5). 
Nous rappelons que nos expériences ont comporté la stimulation bipolaire 
du nerf optique (aprés évidement du globe oculaire), du corps genouillé 
latéral ou médian, de la formation réticulaire mésencéphalique paramé- 
diane. Les impulsions électriques rectangulaires, isolées ou couplées ou 
répétitives, avaient en général une durée de 0,3 msec. Les électrodes de 
stimulation centrale, de. méme que les électrodes de dérivation souscorticale, 
étaient insérées stéréotaxiquement selon les coordonnées de l’atlas de Jasper 
et Ajmone-Marsan (22). Elles étaient, les unes et les autres, soit du type 
bipolaire simple (fils d’acier, distance inter-électrodique de ra 2 mm), soit 
du type concentrique bipolaire (fils de cuivre de 0,1 mm de diametre, distant 
ce 0,4 mm au niveau de leurs pointes dénudés sur une longueur de 1 mm). 
Derivation monopolaire des potentiels corticaux par électrodes humides 
montées sur spires d’argent chloruré. Enregistrement par tubes cathodiques 
a double canon, aprés amplification différentielle 4 liaisons capacitaires 
(constante de temps habituelle de 0,1 sec) et réduction des artefacts de sti- 
mulation par un dispositif de radiocouplage. 
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RESULTATS 


1. Interaction de la facilitation réticulaire des potentiels évoqués 
avec d'autres processus de dynamogenése corticale. — On sait que 
pour observer la facilitation réticulaire il est nécessaire d’appliquer 
le stimulus provoquant la réponse de l’aire de projection étudiée 
sur le noyau de relais thalamique correspondant a4 cette aire ou 
bien encore, dans le cas de l’aire visuelle, sur le nerf optique ou sur 
le chiasma (II, 3, 4, 5, 30, 31). Cette position des électrodes stimu- 
lantes ‘a l’avantage de permettre d’observer parallélement les modifi- 
cations fonctionnelles de la réponse de l’écorce visuelle et du noyau 
de relais thalamique a la volée d’influx corticipétes. 

Rappelons que la dynamogenése du potentiel évoqué cortical 
comporte deux éléments distincts: a) une augmentation, qui peut 
étre considérable, de son amplitude de sommet a sommet; 0) une 
accélération de la succession de ses deux phases positive et négative 
dans les enregistrements en dérivation monopolaire de surface. 

La potentiation, qui est d’égale importance pour ces deux com- 
posantes, est sans doute essentiellement l’expression de l’augmen- 
tation numérique, par un processus de recrutement, des neurones 
participant 4 la réponse. L’amplification de la phase surface-positive 
de celle-ci s’observe encore aprés l’abolition, 4 la suite d’une narcose 
corticale locate, de la phase surface-négative de la réponse, présumée 
d’origine dendritique, fait qui doit inciter 4 la prudence en ce qui 
-concerne la tendance actuelle (cf. 35) a rapporter les effets des influx 
réticulaires sur le néocortex 4 la modification fonctionnelle qu’ils 
exerceraient électivement sur l'appareil dendritique de l’écorce. Par 
ailleurs, l’accélération caractéristique .de la succession.des deux 
phases de la réponse est. une claire indication de la facilitation des 
transmissions synaptiques interneuroniques ascendantes dans l’écorce. 

Le recrutement neuronique qui s’exprime ainsi par l’augmen- 
rs tation de voltage de la réponse statistique que représente le poten- 
a tiel évoqué doit nécessairement puiser dans le contigent de neurones 
excités sous-liminairement par le stimulus testant appliqué seul. I 
était intéressant de vérifier si cette frange sous-liminaire de la ré- 
ponse (Sherrington) se révélerait-étre commune 4 la facilitation 
réticulaire d’éveil et 4 d’autres mécanismes de facilitation du po- 
tentiel €voqué cortical. C’est effectivement ce qui a été observé, 
dans le cas de l’aire visuelle, pour les facilitations par. illumination 
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retimienne selon Chang (6) et par sOmmation. temporelle de deux 
volées d’influx afférents. | 

La Fig. 1 montre tout d’abord en A et B la potentiation de la 
reponse de l’aire visuelle qui résulte de la sommation temporelle de 
deux volées égales d’influx géniculo-corticaux, se succédant a l’in- 
tervalle de 12 msec. En C et D, une dynamogenése de la réaction 


f mV 
lO mec, : 


Fig. 1. — Absence d’additivité des facilitations corticales pay sommation 
temporelle et par stimulation réticulaire. 


-Chat, encéphale isolé. Potentiels évoqués de l’aire visuelle en réponse 
a la stimulation du corps genouillé latéral. sean 

A: facilitation par la succession de deux chocs genouillés identiques. 
B: réponse au choc second non conditionné. C: succession des deux mémes 
stimuli qu’en A, mais précédés d’une bréve stimulation de la formation 
réticulée mésencéphalique (200/sec; 2 V; 0,3 msec). D: réponse au choc 
second seul conditionné par la méme facilitation réticulaire qu’en C. Autres 
explications dans le texte. 


corticale a été réalisée par une bréve stimulation réticulaire (200/sec, 
2 V) précédant immédiatement I’application du stimulus testant. On 
voit que cette potentiation est d’importance égale a celle que réa-_ 
lisait en A (réponse seconde) la facilitation temporelle, ce qui signifie 
que le recrutement neuronique dans les deux facilitations est quanti- 
tativement trés comparable. Si maintenant on fait succéder a la 
réponse facilitée par la stimulation réticulaire une réponse seconde, 


au méme intervalle des deux stimuli testants que celui qui donnait 


en A l’effet de sommation temporelle, celui-ci est remplacé par une 
dépression de la réponse seconde conditionnée (Fig. 1, C et D). Tout 


ge passe donc comme si la facilitation réticulaire et la facilitation 
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re, 


par sommation temporelle recrutaient, dans la frange sous-liminaire 
de la réponse au stimulus de contréle, approximativement le méme 
contingent de neurones disponibles. 

Une constatation semblable a été faite dans des expériences ou 
était étudiée, sur l’aire visuelle, l’effet additif d’une facilitation 


10 msec 
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Fig. 2. — Intensité égale des facilitations réticulaive et photique de la ré- 


ponse de l’aive visuelle strychnisée a un choc « genoutllé ». 


. Chat, encéphale isolé. L’application d’une solution de sulfate de strych- 
nine & 2,5%oo pendant une minute sur l’aire visuelle n’a pas modifié le po- 
tentiel évoqué de.celle-ci (A, C, E, G). Mais l’éveil cortical provoqué par 


une bréve stimulation de la formation réticulaire méséncéphalique précé- — 
dant immédiatement le choc genouillé (B et F) ainsi que J’illuminiation | 


rétinienne (D et H) révélent toutes deux la.strychnisation. latente de l’écorce 
par l’augmentation énorme et approximativement égale du potentiel évoqué 
qu’elles provoquent. Noter la différence des échelles de temps en A-D et E-H. 


réticulaire et d’une facilitation par illumination rétinienne de la 
réponse a un choc genouillé testant. 


. Dans l’expérience illustrée par les tracés de la figure 2, les con=: 
ditions des observations sont plus complexes parce que I’aire visuelle | 


avait subi une application préalable de sulfate de strychnine a la 


* 


Leh 
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concentration de 2,5°/oo. Cette strychnisation locale n’avait eu aucun 
effet apparent sur la réponse corticale au stimulus genouillé lorsque 
celle-ci était provoquée dans l’obscurité (Fig. 2, A, C, E, G). Mais 
leffet strychnique apparaissait réguliérement lorsque le méme  sti- 


Fig. 3. — Additivité 
des factlitations réticu- 
laive et strychnique. 


Chat, encéphale iso- 
lé. Dérivation monopo- 
laire des aires auditive 
primaires droite (tracés 
inférieurs de chaque pai- 
re) et gauche. L’aire 
auditive droite, a été 
strychnisée localement, 
plusieurs fois et a de 
longs intervalles, avec 
une solution 2,5°%Joo. La 
réponse au clic est for- 
tement amplifiée dans 
ses phases positive et né- 
gative (A et C). En Bet 
D la stimulation de la 
formation réticulaire mé- 
sencéphalique (200/sec; 
3,5 V) renforce encore 
considérablement le po- 
tentiel é€voqué de l’aire 
auditive droite, et aussi 
(par transfert callocal) ce- 
lui du point symétrique 
de l’aire gauche. Tracés 
teproduits dans l’ordre 
de leur enregistrement. 


mulus testant était immédiatement précédé d’une bréve stimulation 
de la formation réticulaire mésencéphalique (B) ou bien lorsqu’ il 
était appliqué pendant illumination de la rétine (D). Les tracés 
B, D, F, H, enregistrés a des vitesses de balayage différentes (beau- 
coup plus rapide en F et H qu’en B et D), montrent la complete 
similitude des potentiations produite par les deux mécanismes diffé- 
rents de facilitation. Cette similitude se marque non seulement. par 
le voltage & peu prés égal de la composante surface-négative de la 
réponse en B et D, mais encore (E a H) par amplification trés 
comparable des pointes (spikes) initiales de la réponse. On sait qu’en 


ce qui concerne la pointe 1 (potentiel d’action des radiations opti-. 


ques), cette amplification est l’expression de la facilitation des trans- 


‘missions synaptiques dans le corps genouillé .latéral (11, 3, 4). Le. 


_ qués dans Véveil cortical. — Cette dépression est comme on sait le 
_— résultat habituel de l’éveil par stimulation. réticulaire et de -P. ével | 
= __ sensoriel lorsque e pote! iel est provoqué par une bréve stim 
+ y onnée “iy 
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recrutement neuronique a l’intérieur du noyau de relais, que ne 
pouvait évidemment pas avoir affecté la strychnisation locale de 
Vécorce, était donc lui aussi d’importance pratiquement égale dans 
les deux types de facilitations, réticulaire et par illumination. 
L’existence d’un plafond pour la dynamogenése, que révélent 
des expériences comme celle de la figure I, ne se vérifie plus par 
contre lorsque l’on superpose une facilitation réticulaire a une po- 
tentiation strychnique manifeste. L’examen des tracés de la figure 3 
va préciser cette notion. Dans cette expérience, la réponse de l’aire 
auditive primaire 4 un stimulus appliqué sur le corps genouillé mé- 
dian avait été considérablement amplifiée dans ses deux phases a 
la suite d’une application locale de strychnine sur le point cortical 
exploré (tracés A et C). Cette dynamogenése était telle qu’il sem- 
blait que le recrutement des neurones disponibles dans la frange 
sous-liminaire de la réponse fit maximum. II n’en était rien ce- 
pendant car la facilitation réticulaire eut réguliérement comme 
effet d’augmenter encore considérablement l’amplitude des deux 
phases, positive et négative, de la réponse au choc genouillé (tracés 
B et D). Plus tard lorsque l’effet strychnique manifeste avait disparu, 
la facilitation réticulaire révélait, comme dans les tracés B et D de 


la figure 2, la modification fonctionnelle latente de l’aire corticale 


intoxiquée. — 


Tout se _passe comme si intoxication strychnique de peceeee 
avait comme effet 4 la fois le recrutement d’un nombre plus ou 


moins grand de neurones de la frange sous-liminaire et un élargisse- 
ment considérable de cette frange par l’entrée dans celle-ci d’élé- 
_ments n’en faisant pas normalement partie (cf. 14). Par contre, les 


Oe eee. ee 


facilitations réticulaire et photique ne feraient que révéler lexistence- “§ 


: de la’ Pan sousliminaire sans en. déterminer Vélargissement. 


~~ . 
2. ipeebatae a Vinhibition (« masquage 4 des potentials 
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de semblables blocages a été mise en évidence dans l’attention, la 
distraction et l’habituation (15, 17, 18, 19, 20, 23). Une activation 
réticulaire a été incriminée en ce qui concerne le mécanisme opéra- 
tionnel de ces blocages (20), non sans de sérieuses objections, basées 
sur des données expérimentales et des contréles anatomiques précis (10). 

Cette explication du phénoméne de masquage. par un blocage 
sous-cortical de l’afférence corticipéte s’appuie sur le fait qu’une 


Fig. 4. — Absence 
de réduction du potentiel 
évoqué du noyau de re- 
lais thalamique dans 
l’ éveil réticulo - cortical, 
contrastant avec I’tnhibt- 
tion de la réponse corti- 
cale. 

Lapins, immobilisés 
au flaxédil. A et B: dé- 
Tivations du corps ge- 
nouillé latéral (tracés su- 
périeurs) et de l’aire 
visuelle correspondante: 
Réponses a un bref éclair 
lumineux. C et D: déri- 
vations du noyau V.P.L. 
(tracés supérieurs) et de 
l’aire somesthésique; ré- 
ponses a un choc électri- 
que sur la patte anté- 
rieure contralatérale. A, 
C: animal somnolent; B, 
D: animal venant d’étre 
éveillé par un frélement 
cutané. 


= f 


certaine réduction de voltage de la réponse des corps genouill 
latéral ou médian peut effectivement accompagner, dans l’éveil 
réticulaire, l’affaiblissement du potentiel évoqué cortical. Il ne semble 
pas cependant que ce blocage constitue un facteur important de 
l’affaiblissement de la réponse corticale. Et cela pour les raisons 
suivantes. La réduction de la réponse du noyau de relais thalamique 
est dans l’ensemble beaucoup moins marquée que celle du potentiel 
évoqué cortical, qu’il s’agisse de l’aire visuelle (18, 4), de V’aire so- 
mesthésique ou de l’aire auditive (9). Elle peut méme étre nulle. Le 
méme fait a été observé sur le lapin non narcotisé. Dans cinq expé- 
riences de stimulation photique la réduction d’amplitude trés im- 
portante de la réponse de I’aire visuelle dans l’éveil électroencépha- 
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lographique n’a été accompagnée d’aucun affaiblissement du po- 
tentiel évoqué du ‘corps genouillé latéral (Fig. 4, A et B). Dans 
quatre autres expériences la réduction était légére’et hors de pro- 
portion avec celle du potentiel évoqué cortical. La figure 4 (C et D) 
montre le méme contraste en ce qui concerne les potentiels évoqués 
de l’aire somesthésique et’du noyau VPL. 

Au surplus, il vient d’étre démontré par Steriade et Deme- 
tresco (36), dont nous pouvons confirmer les observations, que l’effet 
de l’éveil réticulaire sur le potentiel évoqué photique de Il’aire vi- 
suelle cesse d’étre inhibiteur et devient nettement dynamogénique 
lorsque la stimulation lumineuse est répétitive et que sa fréquence 
dépasse 5 éclairs/sec. Une semblable dynamogenése avait d’ailleurs 
déja été nettement mise en évidence par Creutzfeldt et Akimoto (7) 
dans leur étude microphysiologique de l’interaction, au niveau de 
l’aire visuelle, d’influx rétiniens et thalamiques non spécifiques. 

L’explication de l’inhibition du potentiel évoqué cortical par un 
processus de convergence occlusive (cf. 37) implique I’hypothése 
d’une excitation supraliminaire d’une partie des neurones corticaux 
par les influx réticulaires ascendants. L’existence d’une pareille 
excitation supraliminaire n’est généralement pas manifeste dans les 
tracés corticaux d’éveil obtenus par dérivation macroélectrodique 
de surface. L’accélération irréguliére et l’aplatissement du tracé 
électrocortical pourraient en effet résulter simplement d’un processus 
de désynchronisation, n’impliquant pas une véritable activation des 
réseaux neuroniques de l’écorce. La réalité de cette activation res- 
sort toutefois de nombreuses données microphysiologiques (28, 33 
34, 38). Un aplatissement du tracé cortical n’est d’ailleurs pas l’effet 
constant de la stimulation réticulaire. Celle-ci peut déterminer une 
augmentation trés nette de l’amplitude des potentiels spontanés en 
méme temps-que leur accélération réguliére. C’est ce que montrent 
les tracés A, C et D de la figure 5. Dans l’expérience ou ces tracés 
ont été recueillis, la stimulation réticulaire avait les effets d’éveil 
habituels: inhibition de la réponse corticale au clic; dynamogenése 
de la réponse du méme point de l’écorce au stimulus appliqué sur 
le corps genouillé médian (Fig. 3, B et D); intensification de tous | 
les symptémes oculaires de ]’éveil. On remarquera que l’on retrouve 
sur les tracés B et D de la figure 3, enregistrés 4 une beaucoup plus 
grande vitesse que ceux de la figure 4, A, C, D, les ondes régulié- 
rement rythmiques et sinusoidales de l’activation réticulo-corticale, 
précédant le potentiel évoqué. 
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La synchronisation des potentiels corticaux unitaires pendant 
activation réticulaire a permis de mettre en évidence dans cett: 
méme expérience la réciprocité des effets dépressifs exercés par les 
influx réticulaires et spécifiques sur les potentiels corticaux qu'ils 
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Fig. 5. — Exemple d’activation synchronisatrice et amplifiante de I’écorce 
cérébrale par la stimulation réticulaive d’évetl. 

Chat, encéphale isolé. Méme animal que dans celui de la Fig. 3. Dé- 
rivations du corps genouillé médian (tracés supérieurs de chaque paire) et 
de l’aire auditive primaire. A: activité spontanée «de repos». B: super- 
position de deux réponses a4 un clic. C et D (le temps est le méme qu’en A): 
activation réticulo-corticale par stimulation de la formation réticulaire 
mésencéphalique 4 50/sec (C) et 100/sec (D), 2,5 V. Remarquer que l’accé- 
lération synchronisatrice met un certain temps pour s’organiser et que la 
fréquence des ondes de potentiel est finalement la méme en C et en D, 
malgré la différence du simple au double de la fréquence du stimulus réti- 


culaire répétitif. 


suscitaient. Au potentiel évoqué auditif, réduit ou augmenté, selon 
le cas, par la stimulation réticulaire, faisait suite régulierement 
une dépression transitoire des potentiels corticaux rythmiques de 
lactivation d’éveil (Fig. 3, B et D). De pareilles images nous pa- 
raissent apporter encore un argument 4 l’appui de l’explication du. 
«masquage » du potentiel évoqué cortical dans l’éveil par un pro- 
cessus de convergence occlusive. 
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Dans notre hypothése, l’inhibition du potentiel évoqué cortical, 
lorsque celui-ci est provoque par un stimulus « périphérique » ré- 
sulte de la faible puissance de transmission synaptique des influx cor- 
ticipétes suscités par ce stimulus et de leur incapacité de surmonter 


; Fig. fine Effet de la strychnisation locale de Vécorce sur le masquage 
réticulaive du potentiel évoqué cortical. 


Chat immobilisé au flaxédil. Potentiels de l’aire auditive primaire. 
A a B: réponses au clic. A: animal somnolent; B: animal éveillé par une 
stimulation de la formation réticulaire mésencéphalique (200/sec; .0,3 msec; 
2V). C et D: effet du méme éveil réticulaire (D) apres la strychnisation lo- 
cale du point exploré de l’aire auditive. E et F: effet potentiateur de la 
stimulation réticulaire sur la réponse au choc genouillé (F). Autres expli- 
cations dans le texte. 


la réfractorité relative des interneurones corticaux qui ont été excités 
supraliminairement par les influx réticulaires d’éveil. Cette situation 
devrait changer si, par le moyen d’agents pharmacodynamiques, la 


puissance de transmission synaptique de la-~volée d’influx suscitée 


par le stimulus « périphérique» était suffisamment exaltée. C’est 


> 
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effectivement ce qui a été observé dans des experiences oti ce sti- 
mulus était un bref claquement sonore. La figure 6 montre qu’une 
stimulation de la formation réticulaire mésencéphalique qui avait 
regulicrement comme effet une inhibition presque complete de la 
réponse de l’aire auditive primaire au clic (tracés A et B) devenait 
nettement dynamogénique (C et D) ou cessait d’étre inhibitrice 
apres une application locale de strychnine sur la région corticale 
explorée. Dans cette méme expérience, la réponse de l’aire auditive 
non strychnisée 4 un stimulus genouillé avait montré la potentiation 
habituelle (tracés E et F). Un résultat semblable a été observé a 
la suite de l’injection intraveineuse de fortes doses (1 4 2 mg/Kg) 
de sulfate d’atropine. Dans ce cas, la suppression de l’effet inhibi- 
teur de la stimulation réticulaire et son éventuel remplacement par 
une facilitation pourraient en partie s’expliquer par le ralentissement 
du tracé électrocorticographique et la suppression de |’activation 
accélératrice, c’est-a-dire de l’excitation corticale supraliminaire, 
exercée normalement par les influx d’éveil (cf. 5, 8). 


3. Signification fonctionnelle des modifications de la réactivité. 
corticale dans | éveil réticulaire. — L’évaluation’ de la signification 
fonctionnelle des aspects électrophysiologiques d’opérations .céré- 
brales est une tache notoirement difficile. En effet les informations 
que l’on posséde sur la succession des processus neurophysiologiques 
allant de la réception des influx sensoriels dans l’aire de projection 
corticale a l’intégration perceptuelle sont encore trés fragmentaires 
(voir I, 16, 26, 29) et les principes dynamiques de cette intégration 
sont 4 peine entrevus. D’autre part, l’établissement de corrélations 
entre les données psychologiques:subjectives et les variations d’am- 
plitude des potentiels évoqués corticaux se heurte a l’impossibilité 
de l’enregistrement de ceux-ci chez l’homme. dans des conditions de 
précision comparables a celles que permet l’expérimentation sur 
l’animal, encore que d’intéressantes tentatives dans ce sens, sur 
lesquelles nous allons revenir, aient été faites récemment. 

On en est donc réduit 4 essayer de déduire une interprétation 
fonctionnelle plausible des données oscillographiques expérimentales 
d’une analyse théorique basée sur des principes neurophysiologiques 


dune validité généralement acceptée. 


; 
% 


L’activation d’une aire de réception corticale par un choc élec- 
ee PP raue sur le noyau de relais thalamique correspondant ou 
sur le nerf optique représente évidemment un mode trés artificiel 
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de susciter une opération cérébrale perceptuelle. Aussi, l’augmenta- 
tion d’amplitude, qui peut étre considérable, de ces réponses dans 
léveil réticulaire ne peut-elle étre considérée que comme Vindication 
de l’existence virtuelle d’un processus de dynamogenése, dont il 
importe alors d’essayer de dégager la signification fonctionnelle. 


2omsec 1 nl 
ewe 


Fig. 7. — Similitude des profils des réponses de lVaive auditive au choc 
genoutllé et au clic dans l’évetl réticulo-cortical. 


Trois chats;, encéphale isolé. A-C: réponse de contréle 4 un choc ge- 
nouillé et réponses enregistrées pendant des stimulations réticulaires 
d’intensité différente. D-F et G-I: réponses au clic enregistrées chez ]’ani- 
mal somnolent (D, F, G, I).et chez lanimal éveillé par une stimulation 
répétitive de la formation réticulaire (E) ou a la suite d’un appel vocal (H). 
Remarquer la similitude de morphologie des réponses B, C, E, H. Autres 
explications dans le texte. 


Dans cette recherche, l'étude des modifications que produit la 
stimulation réticulaire sur le potentiel évoqué de la méme aire cor- 
ticale suscité par la stimulation de récepteurs périphériques est 
instructive pour deux raisons, l’une de principe, l’autre de fait. La 
premiére est qu'il s’agit ici d’un stimulus que l’on peut considérer 
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comme physiologique. La seconde est qtte l’influence de l’éveil réti- 
culaire sur les potentiels corticaux ainsi évoqués, est comme on I’a 
vu, tres différente de celle qu’exerce le méme éveil sur les réponses 
au stimulus « central ». 

En raison de sa régularité et de sa simplicité, la réponse de 
l'aire auditive 4 un bref stimulus sonore se préte particulitrement 


Fig. 8. — Modifications semblables de la forme du potentiel évoqué corti- 
cal dans l’éveil sensoriel et dans I’ éveil réticulaire. 

_Lapin immobilisé au flaxédil. Réponses de l’aire visuelle au choc ge- 
nouillé. A et C: animal somnolent. B et D: animal éveillé a la suite d’un 
frélement cutané (B) ou (D) d’une stimulation de la formation réticulaire 
mésencéphalique (200/sec; 0,3 msec; 2 V). 


bien a cette étude comparative. A premiére vue, l’éveil réticulaire 


ne détermine qu’un affaiblissement plus ou moins marqué de la 


réponse au clic. Mais lorsque l’on examine les choses de plus prés, 
Yon constate souvent qu’il existe une modification morphologique 
de celle-ci, caractérisée par l’association, 4 la diminution d’ampli- 


tude du potentiel évoqué, qui est expression de la réduction du 


nombre des neurones corticaux participant 4 la réaction, d’une 
accélératioh de la succession des deux phases lentes constitutives, 
Positive et négative du potentiel. Le profil de celui-ci (Fig. 7, E) 


peut alors, étre de forme trés semblable’a celui de la réponse de> 


Paire auditive 4 un choc « genouillé » enregistré pendant une stimu- 


| lation réticulaire (Fig. 7, B et C). Dans les deux cas, cette morpho- 


logie se caractérise par l’accélération d’ensemble du tracé et par 
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V’accentuation relative de la phase surface-négative de la réponse. 
Le méme fait est visible sur la réponse H de la méme figure 7, pro- 
voquée pendant un éveil sensoriel. 

Cette interprétation de l’effet de l’éveil sur la réponse au sti- 
mulus périphérique trouve une confirmation dans les résultats d’une 
étude, faite par l’un de nous (V. R.), des modifications des poten- 
tiels évoqués corticaux chez le lapin non narcotisé, curarisé ou non. 
L’effet de l’éveil obtenu par stimulation réticulaire ou sensorielle a 
été une réduction d’amplitude trés marquée des réponses au stimulus 
périphérique (comme chez le chat), mais aussi, en général, une ré- 
duction légére du potentiel évoqué suscité par un stimulus thala- 
mique. Cependant cette réponse réduite a présenté souvent une 
modification de son profil trés semblable a celle qui vient d’étre 
décrite pour les potentiels évoqués corticaux enregistrés chez le 
chat (Fig. 8). Sans vouloir entrer ici dans la discussion des différences 
de comportement des potentiels évoqués corticaux chez les deux 
animaux, nous mentionnerons simplement que l’état du lapin non 
narcotisé est caractérisé par une extréme sensibilité aux influx 
déveil, qui le fait ressembler au chat amphétaminisé, dont nous 
~vons montré (5) que les potentiels évoqués, amplifiés par rapport 
aux réponses de contréle enregistrées avant lintoxication, sont 
paradoxalement réduits dans |’éveil réticulo-cortical. 


DISCUSSION 


La conclusion que nous croyons pouvoir déduire de cette ana- 
lyse est que la réponse de l’écorce sensorielle au stimulus appliqué 
sur les récepteurs périphériques subit dans 1’éveil réticulaire une 
double influence. A la dépression d’amplitude, résultant de la con- 
vergence occlusive des influx sensoriels et réticulaires, qui réduit 
plus ou moins fortement le nombre de neurones corticaux partici- 
pant a la réponse, sont associés des processus de dynamogenése 
tendant a accélerer dans l’écorce les transmissions polysynaptiques 
qui aboutissent finalement 4 la phase dendritique du _potentiel 
évoqué. Rappelons par ailleurs qu'il a été obsérvé par Li (27) que, 
pendant l’oblitération plus ou-moins compléte du potentiel évoqué 
sensoriel recueilli par une.macroélectrode superficielle, la décharge 


axonique unitaire d’un neurone cortical sous-jacent a cette électrode _ 


peut étre nettement intensifiée sous ]’influence de Vinteraction d’une 
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volée d’influx non spécifiques (réticulaires thalamiques), condition- 
nant la réponse a la volée spécifique. 

Dans cette perspective, l’action des influx réticulaires ascen- 
dants sur les opérations élémentaires des réseaux neuroniques cor- 
ticaux pourraient acquérir la signification d’une sélection probabi- 
liste. L’activation réticulo-corticale éliminerait de la réponse aux 
influx spécifiques un certain nombre de neurones corticaux. Mais, 
en méme temps, elle renforcerait, par un processus de convergence 
facilitatrice, le pouvoir de transmission thalamo-corticale des influx 
sensoriels les plus spécifiques en ce qui concerne l’aire réceptrice 
considérée et augmenterait les irradiations intracérébrales des neu- 
rones excités par ces influx. La prépondérance de 1’effet inhibiteur, 
dans le cas d’activation réticulo-corticale trés intense, rendrait 
compte de l’obtusion sensorielle qui caractérise les états d’extréme 
excitation émotionnelle et qui chez l’animal s’exprime par une 
« arrest-reaction » ou une immobilisation d’allure catatonique (21, 2). 

Une difficulté de toute interprétation des processus de léveil 
réticulo-cortical basée sur l’hypothése, par ailleurs si plausible, de 
la convergence des influx réticulaires et des influx spécifiques sur 
des interneurones communs est qu’elle implique a premiére vue que 
les influx réticulaires devraient étre capables, a eux seuls, de pro- 
duire les activations des réseaux neuroniques corticaux qui sont le 
substratum de la sensation. Un éveil réticulaire intense devrait, 
dans ce cas, étre hallucinogéne. Mais nous avons montré antérieu- 
rement (4) que cette déduction ne s’impose pas nécessairement et 
indiqué par quelle organisation synaptique les influx ascendants 
réticulaires pourraient, tout en étant puissamment dynamogénisants 
pour les réponses aux influx spécifiques, ne jamais atteindre le seuil 
réactionnel des esthésioneurenes sensoriels corticaux (cf. 2). 

Le caractére conjectural de cette interprétation fonctionnelle des 
phénoménes qui caractérisent l’éveil réticulaire au niveau thalamo- 
cortical refléte l’indigence de nos connaissances en ce qui concerne 

les processus de l’intégration perceptuelle. . 

| Les quelques observations psychophysiologiques dont on dispose 
| révélent la complexité de la relation entre la réponse subjective ou 
comportementale et l’amplitude du potentiel évoqué cortical suscité 
par une volée d’influx afferents. Hernandez-Péon et Donoso (17) ont 
noté sur des sujets humains une corrélation positive nette entre le 
voltage du potentiel évoqué enregistré dans les radiations optiques 
et ’'intensité de la sensation visuelle suscitée par un bref stimulus 


244 F. BREMER, N. STOUPEL ET P. CH. VAN REETH 


photique*. Rosenblith (32)~a constaté d’autre part que le seuil 
absolu de la sensation auditive provoquée par un clic s’abaissait 
chez le sujet légérement somnolent, dans une condition par consé- 
quent ou il y a lieu de présumer que l’amplitude du potentiel évoque 
cortical est plus grande que dans l’éveil. 

Par contre, lorsqu’il s’est agi d’opérations cérébrales d’un nivean 
plus élevé, impliquant discrimination, motivation et choix, linten- 
sification de la vigilance par stimulation réticulaire s’est avérée étre 
nettement facilitatrice. Fuster (12, 13) a fait sur le singe, porteur 
en expérience chronique d’électrodes intraréticulaires, l’observation 
significative que la reconnaissance correcte d’objets divers présentés 
tachistoscopiquement était plus rapide pendant un éveil réticulo- 
cortical que dans les conditions de détente sensorielle et de somno- 
lence. Lansing, Schwartz et Lindsley (25) ont constaté d’autre part 
que le temps de réaction visuomoteur, mesuré chez homme, était 
nettement raccourci quand un avertissemment préalable avait eu 
comme effet une désynchronisation électroencéphalographique, té- 
moignage d’un état de veille attentive. 

Si l’on tient compte du niveau plus ou moins élevé des opéra- 
.uns perceptuelles impliquées dans les tests utilisés, il nous semble 
que ces observations sur l’homme et sur |’animal, pour fragmentaires 
qu’elles soient, ne sont pas en désaccord avec l’interprétation proposée 
des modifications des potentiels évoqués corticaux, et que leur con- 
frontation avec les données expérimentales est susceptible d’éclairer 
la signification psychophysiologique des effets de ]’éveil réticulo- 
cortical. 


RESUME 


L’étude, sur le chat encéphale isolé, de l’interaction de la dyna- 
mogenése réticulaire du potentiel évoqué cortical (visuel) avec d’autres 
mécanismes de facilitation de celui-ci a montré que ces différentes 


* Le docteur Jouvet nous fait savoir qu’il n’a pu observer cette cor- 


rélation dans des expériences semblables de stimulation photique, mais ~ 


que par contre elle a été nette dans une expérience de dérivation de la ré- 


ponse somesthésique thalamique 4 un stimulus tactile (disparition du po- _ 


+ ey 


tentiel et de la sensation pendant l’effort d’un calcul mental). «Il semble», _ 


écrit-il, « que l’attention soit une des conditions dé la perceptivité du signal 


et que l’intensité subjective appartienne & un autre domaine mettant en, 
jeu probablement une mémorisation et une intégration. trés complexe », | 
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dynamogenéses ne sont pas additives ou ne le sont que trés par- 
tiellement. Ce fait peut s’expliquer par leur utilisation commune 
du contigent limité de neurones qui constitue la frange sous-liminaire 
de la réponse au stimulus non conditionné. | 

Il a été constaté par contre que le stimulus réticulaire est encore 
capable d’augmenter fortement le potentiel évoqué d’une aire de 
réception, déja trés amplifié a la suite de la strychnisation locale de 
cette aire. Tout se passe comme si la strychnine, en étendant consi- 
dérablement la frange sous-liminaire de la réponse, augmentait 
proportionnellement les possibilités de recrutement neuronique par 
les influx réticulaires ascendants. 

L’analyse de leffet d’inhibition exercée par la stimulation réti- 
culaire d’éveil sur la réponse de l’aire auditive corticale 4 un bref 
stimulus sonore a permis d’apporter de nouveaux arguments a l’appui 
de l’explication du phénoméne par un processus de convergence 
occlusive entre influx réticulaires et influx spécifiques. Elle a mis en 
évidence d’autre part l’association, 4 une modification paraissant 
purement inhibitrice, d’un élément de dynamogenése qu'il est pos- 
sible de favoriser expérimentalement. 

La signification fonctionnelle des diverses modifications des 
potentiels évoqués corticaux dans l’éveil fait l’objet d’une discussion 
basée sur les faits expérimentaux et sur des données de la littérature 
psychophysiologique. 
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INTRODUCTION 


The interpretation of the various components of the specific 
cortical response produced by electrical stimulation in the visual 
pathways and first described in detail by Bishop and O’Leary (5), 
is still a matter of controversy. Although, in its typical from, it 
is characteristic of the visual cortex, similar complex evoked po- 
tentials have also been described for other specific sensory areas 
in special experimental conditions (21). / 

Such a response, unelicitable by physiological stimuli, is un- 
doubtedly artificial, and one may wonder whether it is worth making 
it the object of a detailed study. On the other hand it may be con- 
sidered a useful tool which lends itself to the analysis of basic proper- 
ties of the specific projection systems. In view of the fact that far- 
reaching conclusions concerning their organization have been built 


upon the functional substrate of this response, further investigations 


appear justified. 

The response consists of four brief positive deflections followed 
by a less constant slow negative wave. There is an almost general 
agreement that the first wave represent the action potential of 


* Part of this work was presented at the winter Meeting of the Eastern. 


sea of Electroencephalographers, Ste. Marguerite P. Q., February 27- 
20, 1959. a 


_ * Present address: Department of Clinical Neurophysiology, Serafimer- 
lasarettet, Stockholm, Sweden. . ‘ as 
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radiation fibers and that waves 4 and 5 are the expression of in- 
tracortical, post-synaptic activation. As far as the nature of waves 
2 and 3 is concerned, however, the opinions of various authors mark- 
edly differ. Bishop e¢ al. (3, 4, 5) consider both of them as mani- 
festing activation of post-synaptic elements within the cortex, na- 
mely interneurons of Golgi type II (wave 2) and pyramidal cells 
(wave 3). Generally similar conclusions are reached by Marshall 
et al. (24) and Purpura and Grundfest (28). According to Schoolman 
and Evarts (29) the nature of wave 2 is obscure while they agree on 
the post-synaptic (intracortical) origin of wave 3. Chang (II, 13, 
14) on the other hand feels that all the first three waves are pre- 
synaptic extracortical potentials probably representing three fiber 
systems of different conduction velocity. Chang’s findings to support 
his theory were not confirmed by other investigators: Malis and 
Kruger (22) present evidence for the existence of two fiber systems 
and conclude that only waves 1 and 2 represent activity in the ge- 
niculo-striate part of these systems, while the third wave is consid- 
ered as cortical post-synaptic. This opinion is shared by Griitzner 
et al. (18). Bremer and Stoupel (7, 8) agree with Chang (11, 13, 14) 
on the pre-synaptic nature of the first three waves but feel that 
waves 2 and 3 are due to intracortical fibers in. which an abrupt 
tapering of their terminations has taken place with a consequent 
slowing of conduction velocity. 

The. purpose of the present work is to study temporal and spa- 
tial distribution of unit activity within the visual cortex and un- 
derlying white matter during the course of the evoked surface re- 
sponse, and to analyze the functional characteristics of these unitary 
elements in relation to its various phases. We hope, through such 


a close correlative study, better to understand the nature of the 
_ various components of the response. 


A microelectrode analysis of the cortical response to electrical 


_ stimulation of the visual pathways has recently been performed by 
- Griitzner ef al. (18). In their very thorough and careful study, an 


— 


attempt to correlate unit activity with the surface response was 


also made. Their method, however, differs from ours in that they 


_ stimulated the optic nerve instead of the radiations: the geniculate 


_ relay being interposed between stimulating and pick-up electrode, 
| all their units were ‘‘ post-synaptic’ (see below) and few of their 


results and conclusions are directly pertinent to the present study. 
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METHODS 


Experiments were performed on cats in light nembutal anesthesia (20- 
30 mg/kg given intravenously before the operative procedure; later only 
small amounts of nembutal being added if necessary). The cerebral cortex 
was widely exposed bilaterally and the cisterna magna opened. The exposed 
nervous structures were covered with paraffin oil. The stimulating electrodes 
were orientated with a stereotaxic instrument according to the coordinates 
given by Jasper and Ajmone-Marsan (20). For identification and analysis 
of cortical units it was felt necessary to stimulate the optic radiation thus 
avoiding inteference with the synapses of the lateral geniculate nucleus. 
For special purposes, however, e.g., to decide whether a given recorded 
spike was picked up from corticopetal or corticofugal fibres, optic tract 
or nerve stimuli were used, in some experiments, alternated with radiation 
stimuli. The radiation was stimulated close to but above the lateral ge- 
niculate, carefully avoiding stimulation of presynaptic elements of this 
nucleus (cf. 21, 29). 

Two Grass stimulators were used. The duration of the square waves 
was kept between 0.1 and 0.5 msec and their voltage adjusted for subli- 
minal, threshold or supramaximal effects as needed. The responses were 
recorded from the middle portion of the horizontal part of the gyrus lateralis. 
The frame of the stereotaxic instrument served as indifferent electrode. 
Conventional silver ball electrodes were used for recording from the surface 
of the cortex within 1 mm distance from the point of insertion of the mi- 
croelectrodes. The latter were of the type described by Hubel (19), 7.e., 
electropolished tungsten wires, coated with a vinly lacquer Their tip dia- 
meter is 1-2 mw; and, tested in saline with a frequency of 1000 c/sec, - their 
impedance is: about 10 MQ. With these electrodes, intracellular recording 
is exceptional: most spikes, if not all, have been recorded extracellularly 
and it is therefore difficult at times to know if one records the activity of 
_ only one unit. The usual criteria have been used in this study and in the 
detailed analysis of eventual spike changes, doubtful spikes have been 
discarded. For the main purpose of this work, however, the possibility 
of simultaneously recording spikes from more than one unit is of little 
concern. Due-ta the relative coarsness of the electrodes it is also probable 
that the activity of the smallest elements could not be picked up. 

The microelectrode was connected to a cathode follower input cir- 
cuit (2). Conventional AC-coupled amplifiers with a time constant of 1 sec 
were used. In all tracings, positivity is expressed by upward deflection 
for the microelectrode and by a downward deflection for the gross surface 
electrode pick-ups. A micrometer drive, connected to a hydraulic system 
was employed for the advancement of the microelectrode at steps of ap- 
proximately 1.5 w. The microelectrode was inserted through the arachnoidea 
perpendicularly to the surface and in the middle of the gyrus to avoid the 
folded part’ of the cortex. Only in a few cases was the position of the mi- 
croelectrode tip checked histologically. In the remaining cases the exact 
localization cannot be determined. Considering the errors involved in the 
method it is obvious that the values obtained from the micrometer drive 
are only approximate and in single cases might even. be misleading if the 
track of the electrode was accidentally oblique. For that reason the state- 
ments made in this paper as to the localization of units should be regarded 
only as rough estimates. A unit has-been considered to be located in the 
white substance only when the micrometer has shown values well above 
2 mm in depth. No conclusions about localization have been drawn from 
single observations but from the general trend in all the experiments (see 
e. g., Fig. 2). No recording was done during retraction of the microelectrode. 

__ The various components of the surface response (Fig. 1) have been 
labelled according to the generally adopted convention (see e. g., 29). Only 
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1000 c/sec (a,b,c,d,e) . 
lO msec (f) 


1.O mV 


Fig. 1. — Various examples of visual cortex response showing the actt- 
vation of different unit spikes. 
’ The various spikes are temporally related to each of the five compo- 
nents of the surface evoked potential (a-e) or firing late after its end (f). 
(Microelectrode tracing in lower channel in b-f; in upper channel in @). | 
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Chang and Chang and Kaada (21-14) have used another nomendiatz 
labelhng as “* wave I * a small negative dediection Leyes the first posiuve 
wave (this is seen only when stimuli are applied > the opie nerve or et}. 
Measurement ts of latencies and peak amplitudes af the waves were made in > 
relation to the ideal baseline. This method is not unebjectionable bat wasako <7 
employed by Bishop and Clare (3), and we failed & Ofind a more satsfactory 
ene. When correlating the nT of different “experiments, latencies af 9 
unit discharges were normalized to those of the corresponding component of = 
~ 
= 


® 


the slow suriace response te correct for unavoidable variations Gee Fig. 2). 


RESULTS 4 
: 1. Types of units and morphology of spikes, — Unit spikes re- 


E corded under the present experimental conditions may be divided 
into four different groups (see also 18): I) activated by the stimulus 


: and firing during the course of the primary visual response; I) re- 
> sponding with a long latency after the end of the surface response, _ 
‘ (Fig. xf); I “ spontaneously * active but uninfluenced by the % 
“3 stimulus; *[V) “ spontaneously “ active and imhibited by the stime- * 
a lus. The majority of recorded spikes belong te group I; only these, 


which are of interest to our problem, were analyzed im detail and _ 
any one of them may be temporally correlated with one of the five) 
bh ‘components of the surface reSponse (Fig. 2). 

a Morphological details concerning the-spikes are as follows: ct 
> majority has an initial positivity; some are monophasic, other di _ 
phasic positive-negative. The few initially negative spikes observed _ 
s were small and very likely the expression of distant pick-up. Spikes — 
may remain essentially unchanged for electrode displacement of $% 
to 50 w and with more than roo @ movements the spike is 
“necessarily lost (this fact would saggest- that the bein lisse Saal! 
pane ptenieamersaereyr aro: ae 
corded with this method have no sristics which make it 
; ‘Scnrtins, however the ie orga 
_ Sometimes, 
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2. Spatial and temporal distribution of the units. — Examples 
of unit firing in correspondence with the various components of 
the surface response are illustrated in Fig. I a-e. 

In Fig. 2, spikes from 135 units recorded in g different experi- 
ments are plotted. As shown by the figure, there is‘a trend for deep 
spikes to correspond to the early phases of the surface response. 
This is particularly true for those which are picked up very deeply, 
and unquestionably from the white substance. More superficially, 
on the other hand, spikes recorded during the Ist wave of the sur- 
face response are very rare or absent. In correspondence to the 3rd 
wave there are discharging units both in the deepest and most su- 
perficial levels explored; while in correspondence to the 4th wave, 
particularly its late phase, the units are predominantly found within 
the cortex. Units firing during the large 5th wave were exceptional 
in the experiments used for the plotting and in general are relatively 
rare and found only during its initial part. 


3. Classification and functional characteristics of the units. — 
According to their behaviour following optic radiation stimulation, 
>’ unitary spikes-may be divided into post-synaptic and pre-synaptic. 

.a) The post-synaptic growp. Spikes in this group are quite 
sensitive to repetitive stimulation and are usually completely blocked 
by stimuli of.a frequency of about 10-20/sec. Tested with paired 
stimuli, these units show longlasting periods of unresponsiveness after: 
a conditioning shock. The duration of this effect varies. with the 
strength of the conditioning stimulus but can always be made to 
last 10 msec, usually much longer. These spikes often show in ad- 
dition spontaneous variations in latency of 0.5 msec or more and 
in probability of discharge. 

b) The pre-synaptic group. Spikes belonging to this group 
are considered to originate in optic radiation fibers and/or their 
intracortical extensions. They are quite stable, the stimulus-response 
ratio being 1:1 for suprathreshold strength, with no or negligible 
spontaneous variations in latency. With repetitive stimuli, the 
stimulus-response ratio is unchanged for frequencies of up to 200- 
300/sec; higher frequencies have not been tried. After a supraliminal | 
conditioning stimulus, these units respond to a test shock if this 
is given with a delay exceeding the duration of the spike potential. 

The vahdity of the criteria used in this classification is discus- 
sed later. | 
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4. Differential behaviour of units related to different waves of the 
evoked response. — Units firing during different phases of the surface 
response were found to have different characteristics. Figs. 3 to 8 
illustrate the behaviour of diverse units in double shock experiments 
or during high frequency stimulation. In Fig. 3 (f-7) there is a unit, 
discharging through the first wave of the surface response, recorded 


Fig. 3. — Spike temporally related to wave 1 of the visual response. 


a-e: Short latency spike: stimulus strength progressively increased 
from a (subliminar) to e (supra-maximal). (Microelectrode tracing in lower: 
channel; cortical response in upper channel). f-1: Behaviour of the same unit 
with double-shock stimulation. The shock interval is progressively de- 
creased. There is complete refractoriness for intervals of 1.4 msec or less 
(h, i). (Note different sweep and gain; microelectrode tracing only). See also 


Fig. 4. 


from the white substance at a depth of about 3000 w and with a 
latency to the foot of the spike of 0.3 msec. When stimulated with 
double shocks at decreasing shock intervals, the unit is completely 
refractory to the second shock at-intervals of 1.4 msec or less. For os 
intervals of 1.45 to 1.5 msec the test stimulus evokes a spike of dh 
lower amplitude than the spike of the conditioning response *. In : 
another experiment (Fig. 4), the stimulus evoked a double spike 

_ discharge, the first spike corresponding to the first wave and the 
second spike to the third wave of the surface response. The stimulus 
threshold for the second spike was somewhat higher. In the double ag 
shock experiments illustrated (B-D) the shock interval was kept Hp 


* He 
ne. 

E t Similar reduction in amplitude during rapid firing of a single unit a 
» has been reported by several authors, among others by Freygang (16) who beg 
recorded intracellularly from axons of the lateral geniculate body. It/is a 
thus in no way incompatible with the assumption that the spike is derived ae 


from a single unit. 
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constant at about 8 msec, whereas the strength of the conditioning 
stimulus was decreased so that in C it was sub-threshold for the 
second spike. The first spike of the test response was apparently 
uninfluenced by the conditioning stimulus (and this was true also 


Fig. 4. — Spike tem- 
porally related to wave I 
of the visual vesponse. 


A, E: Test response 
alone. The stimulus 
evokes.a double dischar- 
ge. B-D: Double-shock 
stimulation. The shock 
interval is-kept constant 
(about 8 msec) but the 
strength of the condi- 

* tioning stimulus is pro- 

gressively decreased. F: 

The shock interval is in- 

creased to about 30 msec. 

Note longlasting “‘ block- 

ing’’ effect on second 

500 spike of test response 

(see text for details). 

(Only the microelectrode 

tracing is shown. The 

tracing for the cortical 

lOmyV (micro A,B,C,D) _ . response was originally 

kept purposely faint and 

j subsequently deleted 

lioo mV (micro. EF ) from the final reproduc- 
tion). 


lOOO 
c/sec 


for much shorter shock intervals) but the second spike was absent 

i the test response if elicited by the first shock. This blocking effect 
4 on the second spike was longlasting and is demonstrated in F at ~ 
a6 a shock interval of 30 msec. In agreement with the preceding com- 
a ments, the second spike is considered a delayed post-synaptic dis- 
charge. The first spike of Fig..4 as well as the spike of Fig. 3 on 
the other hand, are considered pre-synaptic, i. ¢., fiber action po- 
tentials, likely in the white substance, which have not been relayed 
through any synapse on their passage from stimulating to recording ‘ 
electrodes. All first wave spikes thus far analyzed have shown similar 


‘ 


UNITARY ANALYSIS OF “VISUAL RESPONSE 257 


| 
eniiiistiommmmmmmmm OO c/seC 


2 msec 


¥ Fig. 5. — Two types of spikes (A-E and F-L) temporally velated to wave 3 
of the visual response. 


.3 E, L: Test stimulus alone. A-D: Activation of unit with double shocks 
| at decreasing intervals. Note that the test spike still fires, though its am- 
plitude is markedly decreased, when the shock interval is approximately 
_ 1.75 msec. F-K: Double shock experiments with relatively long intervals 
between the two stimuli. In J and K the conditioning stimulus is suprathre- 
shold, and in F-I subthreshold for the spike. — (See text for details). (Mi- 
_ croelectrode tracing in upper channel, cortical response in lower channel). 
_ See also Fig. 6.. fk NA tbe 
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characteristics being able to discharge twice at short shock intervals 
down to 1 to 1.5 msec, 7.¢., with the second shock falling on the 
descending limb of the preceding spike, and to follow high frequency 
stimulation. This is true also for the few spikes that have been 
recorded during the second, short wave of the surface response. 

Units discharging during the third wave are of two different 
types, illustrated in Fig. 5. In A through D the unit is activated 
with double shocks at decreasing intervals. In D, when the test 
shock is given about 1.75 msec after the conditioning shock, the 
unit still discharges though with very much decreased amplitude. 
This interval is slightly shorter than the duration of the recorded 
spike potential, corresponding fairly well with the expected du- 
ration of the absolute refractory period. Thus, this spike behaviour 
recalls that of the first wave spike of Fig. 4. 

Quite different is the behaviour of the other unit (Fig. 5 F-L) 
the action potential of which is shown alone in L and in double 
shock experiments in K through F. In K and /, the conditioning 
stimulus is suprathreshold for the spike, and in this situation the 
spike of the test response is blocked in spite of the shock interval 
being as long as 17 msec. This spike was also sensitive to increased 
frequency of stimulation and was blocked when the frequency 
exceeded 7-10/sec. It seems logical to conclude that this unit is a 
post-synaptic one. . 

The two unit behaviours illustrated in Fig. 5 are representative 
of most of the spikes temporally related to the third surface wave. 
These actually may be divided into two groups, one with pre- the 
other with post-synaptic characteristics, the latter being more 
common. : 

Exceptionally, third wave units were found whose classification 
is not immediately apparent.’ The spike potential of one of such ~ 
units is shown in Fig. 6. In 0 and c it is conditioned by a stimulus, 
preceding by 1.2 to 1.3 msec the test shock. The test spike may 
discharge but it shows not only a lower amplitude, but also a longer 
latency and a change in shape: an inflection is clearly appreciable ~ 
on its rising phase and its total duration increases. This inflection 
was apparent at stimulus intervals below 3 msec. A more gradual 
evolution of these changes is-demonstrated in d through 7 where — 
the unit was ‘activated by repetitive stimuli of increasing frequency. — 
A clear inflection was first seen with a frequency of 20 stimuli/sec — 
(7), at about 40% of the voltage value of the spike potential, 
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Fig. 6. — Spike temporally related to wave 3 of the visual response. 


_ a: Test stimulus alone. 6, ¢: Double shock experiments with condi- 
tioning stimulus at threshold (b) and subthreshold (c) strengths for the 
spike. Note in b the test spike present but lower in amplitude, longer in, 
latency and showing an inflection in its rising phase. d-i: Same spike. Re- 
petitive stimulation at increasing frequency (superimposed frames). . (See 
text). (Microelectrode tracing in Igwer channel, cortical response, not shown 
in 7, in upper channel). 
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and it became more and more marked with increasing frequency of 
stimulation. The two portions of the spike might be compared to 
the “A” and “B” components of Frank and Fuortes (15, 17) *. 
If this comparison is justified, the inflection would correspond to an 


Fig. 7. — Spikes temporally related to wave 4 of the visual response. ~ 


I. A: Test stimulus alone. B-D: Double shock experiments; the sti- 
mulus interval is unchanged (45-50 msec) but the strength of the condi- — 
tioning stimulus is progressively decreased. Note longlasting unresponsi- 
veness of the test spike regardless of presence or absence of the conditioning _ 
one. II. Double shock.experiments. In a the conditioning stimulus is su- | 
praliminar and in 0, c subliminal for the spike. (See text). (Microelectrode 
tracing in lower channel; cortical response in upper channel). See also 
Fig. 8. 


~ 


t It has been demonstrated with the intracellular technique (9, 10, — 
15, 17) that the soma potential consists of more than one component, and ~ 
that the point of transition between them can be more clearly demonstrated — 
when the unit is activated by paired or repetitive stimuli. Such changes — 
have not been found in the action potentials of axons (15). Studying cortical. 
Betz cells, Phillips (27) states that ‘“‘ not only intracellular records but also — 
the more easily obtained extracellular records can be used for the purpose — 
of identifying the two main components of the cellular response’. On the 
basis of these findings, it is safe to conclude that the action potential of 
Fig. 6 is a soma spike. This conclusion is given further support by the fact 
that in all our esperiments in which the tip of the microelectrode was very — 
probably in the white substance, we have never recorded spikes of this 
composite type. : ’ ’ 
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axon-soma delay of the spread of excitation and in tact some im- 
pulses may apparently fail to invade the soma at the highest fre- 
quencies used (see Fig. 6 h, 7 where the descending phase of the “ A” 
component in several sweeps is uninterrupted by the take off of the 
“B” component). An inflexion in the rising phase of the spike 


Fig. 8. — Spike tem- 
porally related to wave 4 
of the visual response. 


A, B: Conditioning 
and test stimuli alone 
(slightly higher amplifi- 
cation in A). C-F: Dou- 
ble shock experiments. 
The strength of the con- 
ditioning stimulus is in- 
dicated on the left side 
of the records; the in- 
terval between the two 
shocks is kept constant 
die msec.) #(See..text): 
Right column: Superim- 
posed frames. Kepeti- 
tive stimulation at pro- 
gressively increasing 
frequency, as indicated 
on right side of records. 
(Cortical response only | 
shown in A, lower chan- etd Nace y) 
nel). Co 


12.5 svsec 
aae000 crvsec 
O.5 mV ( micro.) 


1.OmV (surt.) 


potential is present not only with antidromic but also with onthe: 
dromic activation (see 1, 15) and this has also been found in the | 
present investigation (Fig. 7, II). The fact that the unit of Fig. 6 A 
is able to discharge twice to double shocks of 1.2 to 1.3 msec in- 
terval, and to follow repetitive stimuli of a frequency of more than 
150/sec suggests that it isa directly activated cell. On the other 
hand the increase in latency when it discharges to the second of two ah 
paired supraliminal stimuli, (though failing to show any abrupt 
change when plotted versus’ the duration of shock interval) could 
suggest its being a post-synaptic, orthodromically activated’ unit. 
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In contrast to units temporally related to wave I, 2 and some- 
times 3, those related to waves 4 and 5 never behave like pre- 
synaptic ones. The 4th wave spike of Fig. 7, I, shown alone in A, 
is preceded in B by a conditioning shock ofthe same strength at 
an interval of 45-50 msec. In C and D this interval is kept constant 
but the strength of the conditioning shock is successively decreased, 
so that in D it is subliminal for the spike. There is no unit discharge 
in the test response, regardless of whether the spike is present or 
absent in the conditioning response. Thus, after the conditioning 
shock, there is a longlasting unresponsiveness which cannot be 
explained as refractoriness of the unit studied. 

Occasionally it is possible, by critically adjusting the relative 
strength of the stimuli, to make a 4th wave unit discharge twice at 
rather a short shock interval. The unit of Fig. 8, shown in A with 
somewhat higher amplification than in B-F, does not respond to the 
test shock when the strength of the conditioning shock is 7 V or more 
(C and D) but when it is decreased to 6 V (just liminal for the ‘‘ con- 
ditioning ’’ spike which may or may not be elicited) the spike of the 
test response discharges (E, F). The shock interval was kept con- 
stant at 5 msec. It is evident that the ineffectiveness of the test shock 
in C and D is not due to refractoriness. In the right column of Fig. 8, 
the frequency sensitivity of this post-synaptic unit is demonstrated. 

The two phenomena illustrated respectively in Figs. 7 and 8; 
namely: ‘inhibition’ of a test spike by a subliminal conditioning 
shock, and the “inhibition”’ of a test spike by increasing the con- 
ditioning strength above the threshold value for the spike, have 
been valuable signs of the post-synaptic character of units, fre- 
quently made use of during the course of these experiments. 

The “ inhibitory ” influences on a unit of post-synaptic type by 
a preceding stimulus to the optic radiation below the threshold for : 
the unit studied are manifested not only as complete failure of 
discharge, but sometimes as changes in the shape of the spike po- 
tential suggestive of delayed spread of excitation over the soma. 
In Fig. 7, {I a 4th wave unit is activated by paired stimuli with an 

, interval of 7-9 msec. In a the conditioning stimulus is supraliminal, 

é: in 6 and c sub-threshold for the unit. In both cases the test spike 

- shows either an inflection on the rising phase or a failure of discharge 

E of the ‘““B’’ component. | 

ag ; Some further elucidation of the inhibitory mechanism of the 
visual cortex brought about by a stimulus of the optic radiation is 
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given by the experiment of Fig. 9, where a unit ‘‘ spontaneously ”’ 
active in an injury discharge also fires in response to an optic ra- 
diation shock. When the stimulus is simultaneous with a “ sponta- 
neous ”’ discharge, falling in the refractory period, it fails to evoke 


Fig. 9. — Injury dis- 
charge. 

A: Radiation stimu- 
lus,* simultaneous with a 
“spontaneous ’”’ injury dis- 
charge, fails to evoke a 
Spikcue sc teem records 
showing an arrest of firing 
following the spike induced 
by the stimulation. C: 
Three records showing the 
effects of stimulation im- 
mediately after the cell 
“death ’’. Note absence of 
spike and presence of slow 
negativity. (See text). (Mi- 
croelectrode tracing in lower 
channel; cortical response 
in upper channel. In A the 
bottom record shows the 
injury discharge in the ab- 
sence Of electrical stimula- 
tion). 


— & mV (surf) 
toe 
ial 
/ A oe mV (micro)- 


a spike (A). The unit on the other hand is inhibited for a while 
after the stimulus (B) which fact cannot be explained as refracto- 
riness, neither as the result of anti- or orthodromic excitation of 
its own recurrent collaterals, as the unit was capable of firing with 
much higher frequency in the absence of stimulation. In C the 
situation immediately after the ‘‘death”’ of the cell is shown: no 
spike but a deep negativity is recorded *. 


t This potential is similar to the negative “swing ”’ in damaged cells, 
described by Tasaki et al. (31) while recording intracellularly from the visual 
cortex and interpreted as being related to a process of inhibitory hyperpo- 


larization. 
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0.5 mV (micro). 
eo ABC 
(surf) 


Fig. 10. — Relationship between amplitude of surface response and unit 
discharge probability. ~ 


Optic tract stimulation. A: Four consecutive responses of relatively 
small amplitude. B: Four consecutive responses of greater amplitude. 
Note presence of spike (related to wave 4) in three of them. C: Same phe- 
nomenon, different experiment. (Microelectrode tracing in upper channel; 
cortical response in lower channel). See also Figs. f1, 12. 
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5. Relationship between size of surface response and probability 
of unit discharge. — When working on lightly anesthetized animals, 
and using critical stimulus strength, one commonly observes large 
spontaneous fluctuations in the size of the surface response. If 
any causality exists between unit discharges and waves of the surface 


AVERAGE 
WL 6-26, 2F VALUES 
WAVE 4 — 
ran Ae 13.95 


Fig. 11. — Same phenome- 
non as.in Fig. 10. 


Different experiment, 
optic tract stimulation. The 
amplitude of the first 4 waves 
of the same surface response 


Ps 


+ 


(which showed no significant 

_ 5th deflection) have been plot- 
ted in two different situation: — : 
spikes present (black columns) — SPIKE ABSENT 
and spike absent (striped co- Bc @ SPIKE PRESENT 


lumns). In the abscissa are 

the wave amplitudes (in arbi- 

tr units) with the average. 

amplitude values shown on the 

right side. The height of the 

columns corresponds to the AY q PUPS ees af es 
_ number of observations for ; Ng vaaly Sins Gets So see 220 ae 
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Fig. 12..- Relationship between amplitude of surface response, and of 
slow pre-potential and spike discharge. 


A-D: Spontaneous variations of same response arranged in progressive 
order. Note spike discharge in D. Right column: Superimposed frames. 
Same response studied with repetitive stimulation at progressively increas- 
ing frequency, as indicated on right side of records. (Microelectrode tracing 
in lower channel; cortical response in upper channel). 


and consistently higher when the-spike is present than when absent. 
This is illustrated in the histograms of Fig. 11 obtained from another 
experiment: a trend: for higher values when the spike is present is 
clear, and the greatest increase is noted for waves 3 and 4. ; 
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In the experiments of Figs. 10° and 11, the stimulus was applied 
to the optic tract and this explains the variations in amplitude also 
of the Ist and 2nd waves. When, instead, the stimulus is given to 
the optic radiation, there is hardly any appreciable fluctuations of 
these waves, and correspondingly, unit spikes recorded during the 
Ist and 2nd wave, as well as 3rd wave spikes of pre-synaptic type 
are very stable and usually respond to every optic radiation sti- 
mulus, once their threshold is reached (cf. Fig. 3, a@-e). 

The visual response to stimulation of the lateral geniculate body 
has been reported (12) to be greater in size during illumination than 
in the dark. We have also observed this phenomenon, but in our 
experience it is not constant (cf. 22): sometimes the response is 
increased, sometimes decreased by diffuse illumination of the retina 
and following optic radiation stimulation some units respond with 

higher, others with lower probability of discharge when the retina 
-_ is illuminated. 
The augmentation of surface waves is also related to presence 
and size of a slow prepotential recordable in favorable conditions 
and from which the spike potential arises when it reaches a certain 
size. The prepontential is a positively going graded response which 
could be considered analagous to the “‘ first component ” of Frey- 
gang (16) '. The spike does not always take off from the highest 
point of the prepotential, but sometimes late on its descending , 
phase (phenomenon also observed and discussed by Freygang, 16). a3 
_ Fig. 12 (A-C) show concomitant changes in size of the slow pre-— as 

potential and of the-waves of the surface response. As shown in D, 

when both are maximal, the spike discharges. In the same figure 
the effect of increasing frequency of stimulation is shown: the sur- i 
face response and particularly waves 4 and 5, progressively decrease © 
er with the slow prepotential and the probability of spike es 
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a strong conditioning shock is usually followed by a deep and long- 
lasting period of decreased excitability (21, 23, 29). Units in the 
somatosensory cortex were found to be completely unresponsive for 
20-30 msec after conditioning stimulus when nembutal was used as 
anesthetic (25). If, thérefore, the longlasting unresponsiveness in 
our experiments with “ post-synaptic ’’ units is not quite unexpected, 
one could challenge the conclusion that all units which do not show 
this kind of prolonged depression are necessarily “ pre-synaptic ” 
It may be possible that also in the visual cortex synapses exist a 
similar to those described in the lateral geniculate nucleus (6) and 
characterized by very short absolute refractory period. Some chan- 
ges in excitability with changes of the relative strength of condi- 3 
tioning and test shocks, however, would always be expected ina 
post-synaptic neuron pool, provided the relationship between pre- be 
and post-synaptic units is not I to I (see 23). > 
The large afferent fibers to the visual cortex branch extensively 
in it and each thalamic fiber may directly influence the state of 
about 0.1 cubic mm of cortex in which lie 5000 neurons (30). There 
are, thus, abundant opportunities for overlap. The units classified — 
as pre-synaptic in the present paper, however, were insensitive to — 
changes in the strength of supraliminal conditioning and test shocks 3 
nor could any facilitatory phenomena be demonstrated with subli- _ 
minal test shocks. These findings substantiate the assumption that 
these unit*spikes are actually pre-synaptic, a. é., Ronikee ‘in 1 afferent 


In analogy it may be challengéd ie unresponsiveness during — < 
‘is 


‘‘ post-synaptic ’. It could be a cell with | a corticofugal 
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therefore, unlikely that a significant proportion of units labeled by 
us as post-synaptic be antidromically “activated cells. 

The primary aim of this investigation was to study the relation- 
ship between the various phases of the visual response recorded from 
the surface of the cortex and the unit activity in the cortex and 
~ underlying white matter. Consequently, only units discharging du- 
ring the course of the surface response (definitely the large majority 
of all those recorded), have been considered and analyzed. It is 
evident that our method of relating a unit to a particular wave of 
the surface response is somewhat arbitrary, and that with another 
way of measuring onset and duration of waves a slightly different 
distribution of units might have been obtained. On the other hand 
the exact boundaries of the waves are difficult to establish, particu- 
larly in the case of 2nd and 3rd waves, and in some bordeline cases 
the final decision is a matter of choice. The classification of units 
adopted, if not unobjectionable, is nevertheless operationally well. 
defined and the significant and meaningful differences demonstrated 
between the various groups, indirectly suggests its validity. 
The fact that a unit happens to discharge during the course 
of a particular wave of the surface response, does not, of course, 
_ permit the conclusion of a causality between the two events. There 
are, however, some hints that the relantionship is not merely a 
temporal one. As demonstrated in Fig. 5 (F to J) and Figs. 10, Tr, 
and 12 there is a direct correlation between size of the surface waves 
on the one hand, and probability of spike discharge, as well. as size 
of the slow pre-potential on the other hand. This is true with spon-_ 
_ taneous fluctuations in size of the.waves or with fluctuations induced 
by changes in the stimulus strength or by a preceding conditioning | 


unit action potentials. During the 1st wave, which is unanimously 
considered to represent action potentials of radiation fibers, the unit 
discharges are picked up almost exclusively in the white substance. 
As the primary thalamic afferents end in layer IV (26) or III (30), 
one would have expected also intracortical Ist wave spikes. The _ 
reason for their scantiness is not clear. It may be due to their dicho- ~ 
tomizing repeatedly within the cortex, the branches being so small 
that either with our technique we are unable to record their action 
potentials, or the conduction velocity decreases abruptly so that 
the spikes are delayed and recorded with relation to the 2nd or k 
3rd waves. During the 3rd wave, units are recorded bothin the deepest 
and most superficial layers explored, some behaving-like radiation 
spikes, others like post-synaptic units. These findings may explain 
the great divergencies of opinion on the nature of this wave. Some 
authors state that it disappears after cortical ablation (3, 4, 7, 8, 22). 
es Others (11-14) that it remains. According to Chang and Kaada (14), 
oe it is very resistant when the cortex is exposed to mechanical pressure ~ 
or to the action of strychnine or local anesthetics. Malis and Kru- 
ger (22) state, on the other hand, that it is very sensitive to local 
~~ocaine (though, judging from their Fig. 4, it is much less sensitive © 
than waves 4 and 5). The presence of both pre--and pee 
elements in the 3rd wave may explain why some authors (3, 4, 24, — 
20, 29) have considered it of post-synaptic nature whereas, others 7 a 
ee 8, 14) consider it to be a pre-synaptic response. __ =a 
ea. ; Comparatively few spikes have been picked up dare hed 
‘ . course of the small 2nd wave, and these are distributed between 

_ cortex and white matter. While this may explain why the 2nd wave | 
has been variously described as due to activity | in intrac rtical 
“eee structures (3, 4, 7,8, 24, 28) and in optic 1 radiation | fibers: (14, 22), 
BS 2 0. our findings offer no explanation for the differences i in sinion with a 
Wa respect to its character of pre- or pee vats respons ps: 

ine a awe found babs Lesiie suggestive ¢ ofp re-synaptic type co 
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is surprising. Various explanations are possible. We only excep- 

tionally recorded unit activity in the most superficial cortical layers 

above the level of about 500 w. The 5th wave may be generated 
_ in superficial structures, e. g., dendrites (cf. 3, 4) or small cells, whose 
_-activity is difficult or impossible to pick-up with our technique, or 
the tip of the microelectrode introduced through the pia, pushing 
the surface of the cortex downwards until it suddenly penetrates, 
may skip the most superficial layers. If the structures responsible 
for the 5th wave are situated in laminae I or II of the cortex, we 
would have no chances to record from them. 

It has been suggested by Bishop and O’Leary (5) and Marshall 
et al. (24) that the negative 5th wave is due to activity in neurons 
whose axons leave the cortex. If this were true, one would expect 
to find some deep corticofugal discharges during the course of the 
_ 5th wave. This is, however, not the case and unit potentials picked 
up in the white substance are exclusively related to the early waves 
_ (Fig. 2). If some of them are corticofugal impulses, the reflex arc 

of the visual cortex activated in this way must be rather short. 
Malis and Kruger (22) found two fibre groups of different con- 
- duction velocities in the optic radiation, one of 25-30 m/sec, the other 
_ of 9-11 m/sec. They consider them responsible for waves 1 and 2 
of the surface response and state that the Jantencies of the later 
deflections of the response, waves 3 to 5, are too long to correspond 
to any known conduction velocities of the optic tract. In the present 
work, no serious attempt was made to calculate the conduction 
_ velocity for impulses of pre-synaptic type. The distance between 
the stimulating electrodes close to the lateral geniculate nucleus and _ 
the recording microelectrode is about 15 mm. One of the slowest 
synaptic spikes found is shown in.Fig. 5. Its latency is between — 
and 1.75 msec indicating a conduction velocity of 8.5 to 10 m/sec. 
the one given by Malis and Kruger (22) for _ 
Shh el ee ee 
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SUMMARY 


1. A microeletrode investigation in cortex and underlying white 
matter of the visual area, following electrical stimulation of optic 
radiation, was carried out in lightly nembutalized cats. 

2. The majority of spikes recorded discharge during the course 
of the specific evoked surface response and may be temporally re- 
lated to its various components. 

3..On the basis of latency and of their behaviour when tested 
with double shocks and repetitive stimulation, all spikes may be 
divided into two groups: “ pre-synaptic’’ and “ post-synaptic ”’. 

4. All spikes temporally related to the first wave and most 
spikes firing during wave 2 are recorded from white matter and 
all have pre-synaptic characteristics. Those temporally related to ~ 
wave 3 have the most extensive spatial distribution being picked — 
up in both cortex and white matter: some behave as pre-synaptic, 
others as post-synaptic events. The spikes related to wave 4 and 
the rare ones related to wave 5 are all of a Pas type and | 
_uost of them are only found within the cortex. : 

5. A positive correlation exists between presence of “spike ata % 
amplitude of the surface response. This can be expressed as Lionas ; 
first or second wave spikes appear when waves I or 2 have reached — 
a critical size. The spikes then remain stable _Tesponding to e a 
stimulus. A third wave spike of pre-synaptic type behaves similar 
_ Spikes of post-synaptic type related to waves 3, 4 or 25. 0 1 
appear when the first wave has reached a certain size 
threshold value, however, they are “ unstable i, -Tespo 
“43 meee to pine e constant strength, We babi 
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INTRODUCTION 


Pos ys 


Previous investigations have shown that darkness and visual 
: deafferentation exert opposite effects on the EEG of the midpontine 
pretrigeminal cat (14, I, 2). We found that the low voltage fast 
ivity of the dark adapted animal was reversibly replaced by 
synchronous EEG patterns, with spindle_bursts, during functional 
pual: deafferentation (1, 2), a finding that was explained as a 
sonsequence of the ischemic abolition of the retinal dark discharge (2). 
'The mechanisms by which light, dark and visual deafferentation’ 
fect the amplitude of the evoked potentials in the visual system 
as then the object of a second group of investigations (3, 5). Here 
: visual - deafferentation and _ darkness were found to exert 
site effects, since the enhancement of the visual potentials 
ig during continuous illumination of the retina (13, 21) was — 
also as a consequence of the ischemic inactivation of the 
3, 5), an observation that was s also attributed to the abolition — 

nel seas eras that darkness: and 
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pretrigeminal preparation (I, 2, 5). Although these observations 
hardly could be reconciled with the old assumption that absence 
of photic stimuli corresponds to visual deafferentation, they might 
pave the way to a better understanding of the functional significance 
of the retinal dark discharge. 

Continuous illumination and visual- deafferentation had been 
shown to similarly affect the evoked responses of the visual system. 
Yet it might appear as a real gamble to start an investigation with 
the aim to find out whether EEG synchronization could be produced, 
in the midpontine pretrigeminal preparation, by continuous retinal 
illumination. No matter how hard it had been to conceive that 
suppression of all kinds of photic stimuli could be an important 
factor in the maintenance of EEG arousal patterns, still more difficult 
was it to believe that light should mimick visual deafferentation, 
thereby inducing synchronization of the EEG. This was, however, 
the result of our work. In fact the present experiments show that for 
given geometrical and physical parameters of the photic stimulus, the 
EEG of the midpontine pretrigeminal cat may be synchronized by steady 
retinal illumination. 


METHODS 


The experiments were carried out on cats prepared with midpontine 
pretrigeminal interruption of the brain stem. The technique for perform- 
ing such a section has been previously described. (?) 


The electrical activity was recorded unipolarly from the cortical — 


surface, through the intact dura. The electrodes were silver-silver chloride 
and the contact was-made through cotton wicks soaked in Ringer solution. 


A reference electrode built in the same way was imbedded in a large cotton — 


pad lining the skull. 
Recording was commonly made on a Grass ink-writing Polygraph, 


with 5P1 preamplifiers. Although the frequency range was limited on the | 


high side (45.Hz), this apparatus proved to be very useful because it per- 


mitted the switching from A.C. to D.C. recording. In other instances — 


D.C. and A.C. preamplifiers. connected to a CRO system (Toennies) were 
utilized. In this case the linearity of the filters extended until 5 KHz. 
For D.C. recording suitable electrodes were utilized (6). 

A common microscopy lamp was used as light source for retinal 
stimulation. The geometrical and physical parameters of the stimulus 


BS 


will be described in the ‘text, as they represent ‘rather critical factors ing 


the appearance of the phenomenon. ‘Since the experiments required illu- 
mination of the eyes from above, the skin and the superior lids were removed 
until the superior border of the orbit was exposed. 


The technique for obtaining the reversible visual deafferentation through | 


retinal ischemia has been reported in a previous paper (2; see 12). Because 


of the pretrigeminal level of the section, experimental procedures leading 


to strong nociceptive stimulation (extirpation of the upper lid, intraocular 


compression) were painless in our animal. 


= 
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The animals were immobilized with Sincurarina * and artificially venti- 
lated. Control experiments without the drug were also performed. As re- 
ported below, particular attention was devoted to the maintenance of 
optimum respiratory and circulatory conditions. To this purpose we ran 
routinely a series of controls: 7) a double photocell oxymeter applied to 
the tongue was utilized to check the level of oxygenation of blood hemo- 

~ globin. The output from the photocells was fed to a Leeds and Northrup 
Speedomax millivoltmeter recorder through a cathode follower stage and 
calibrations made on samples of arterial blood, in which the oxygen content 
was measured with the spectrophotometric method of Gordy and Drabkin (16) ; 
11) blood pressure was routinely controlled directly with an Hg manometer 
through a canula introduced into the femoral artery; 7ii) changes of cortical 
temperature, as index of circulatory conditions of the cortex, were recorded 
by thermistors connected to a bridge network and fed to one channel of 
the Polygraph; iv) finally, EKG was also regularly recorded. 


RESULTS 


Since the main object of our work was to analyse the 
experimental conditions that led to clear-cut change of the EEG 
_-we decided to concentrate our attention on those cases in which 

low voltage fast activity was replaced by typical synchronous 
_ rhythms and viceversa. We regarded as typical EEG manifestations 
_ of sleep only those EEG records in which we observed regular trains an 

of spindle waves with slow activity in the interspindle lulls. Other be 
_ EEG patterns, e. g., slow rhythms without spindle trains or the 
appearance of a few occasional spindles on an activated background 
were taken only as indication that a change had supervened in a 
direction which might eventually result in a more clear-cut EEG 
ep pattern if the experimental conditions could be properly 
usted. These records were occasionally of invaluable help to 
de the direction that had to be given to the experiment, but 
ey were not considered in the present work and will not be reported = 
the illustrations. We realize that the appearance or the 
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optimum. We also wish to stress that our description applies only 
to those optimum conditions. An analysis of the most important 

factors involved will follow in the paragraphs 5 to 7. We hope it ~ 
will give a fairly accurate picture of the limits within which our 


description holds true. 


~ 


1. Effects of steady light. — We have already seen that the 
low voltage fast activity of the dark adapted, acute midpontine 
preparation depends upon a steady flow of retinofugal impulses, ® 
the dark discharge (1, 2). The opposite condition, steady retinal 
illumination, is by itself a sufficient factor for inducing EEG syn- ~ 
chronization, provided the photic stimulus is applied following 
geometrical and physical parameters to be specified in cotay below 
_(see paragraph 6). 

These effects of retinal illumination arise very slowly, since. 
they appear only after several minutes. The only immediate effects 
of light are represented 1) by the well know potential changes | 
constituting the primary cortical response, which can be led from — ¢ 
the visual areas at the onset of the illumination, and 2) by the longer- _ 
lasting (xr to 3 sec) slow potential oscillation (Fig. 1, A) that follows — 
the primary response (6). Following these “on” effects a slow 4 
process seems to take place, whose occurrence, however, is only 
inferred, since no sign of it can be detected by simple inspection 
of the EEG recordings until a few minutes have elapsed. ‘During | 
this “ build-up” time the light must remain on, ‘that is, a s teady : 
stimulus is required. After a time interval from a minimum 
30 seconds to I or 2 minutes, one perceives . in 1 the records fi 
ao areas ‘that plgnes and Bek voltag 
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ay ae 
but the onset of the trains usually coineides with those on the visual 


areas (Fig. 1, D). If the steady retinal illumination is maintained 
the sleep patterns persist and eventually become more clear-cut. 
Slow waves at I-3 per sec appear occasionally in the record and the 
whole picture of synchronized activity may last for hours. 
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Fig. 1. — EEG sleep induced by vetinat illumination: : 
C. R.O. recordings. Channel 1 through A.C. and Channel 2 and 3 


through D.C. amplifiers. A: in darkness. The light at 90° angle is turned — 
on at the arrow and is maintained throughout. #&: 1 minute after the end 


of A. C: continuing from B. D: continuing from C. Slow trains appear 
first in the right cortex (B) but full sized spindles develop first in the left 


oe a 


- visual area (C). Beginning of synchronization of frontal area only in (D). 


a . 


a. Effects of olfactory stimuli on the EEG synchronization elicited 
_ by light. — The low voltage slow waves produced by steady retinal 


are readily ed by olfactory stimuli. A stream — 


into the nostrils, even if not reinforced by 
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Fig. 2. — eee of EEG Peat ais aes elicited by light ere 
sensory arousal. 


Same experiment of Fig. TeaG, RO Peleg from the same areas. 
er: A: darkness. The light at 90° angle is turned on at the arrow, and is main- 

4 ae ' tained throughout! B:2 minutes after A. C: continuing trom B. D:1mi- — 
ee nute-later. Olfactory stimulation (marked by the arrow) induces arousal 
Ge and slow negative potential shift on the visual areas (Diez recordings). 
ie _ £: 2 minutes later. In the middle of the record the fast spindle rae 
i) eee - appear. 
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3: Effects of saris — When the light is turned off and the 
retinal receptors are left in complete darkness no ) su udd 
can be detected at first, besides the evoked | rote: pot 
__-visual area. Synchronized patterns do not disappear at ¢ 
the contrary, at the ide pees 5 othe dark pane 
ae are ees of high 
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onset of darkness or shortly thereafter, when their repetition rate 
had only slightly decreased. It would then be really impossible to 
differentiate the effect of withdrawal of steady illumination from 
the usual arousal reaction induced by sensory stimulation. 

Low voltage fast activity invades the cerebral cortex in a rever- 
sed sequence as compared to EEG synchronization. Slow waves dis- 
appear first from the frontal areas and later on from the visual cor- 
tex. Hence, during the progress of both synchronization and desyn- 
chronization (usually for a longer period of time in the last process) 
the EEG activity is different in the frontal and in the occipital areas. 


4. Repetition of light and dark periods. — When the process 


described in the last paragraph is completed low voltage fast activity 
may persist unmodified for quite a long time, if darkness is _main- 
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~was routinely controlled on serial histological slides, and we found — s 


to hemorrage developed at the time of the transection. However, 


_ mental conditions, while short-lasting arousal was produces 

: olfactory stimulation, in confirmation of previous observati 

the cerveau isolé- cat (7).. When the. lesion was placed be’ 

mi idpontine fevel, just Rass the edgar 
| to be i plet 
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tained. The preparation, however, repeats the already described 
EEG changes if light is turned on. We have been able, actually, : 
to reproduce several times the reversible patterns of EEG synchro-  _ 
nization and of low voltage fast activity simply by alternating for 
adequate periods of time steady illumination and darkness (Fig. 3). 
We have been unable to see clear-cut signs either of facilitation or 
of fatigue in these experiments. It is true that in several cases the 
reversibility of the EEG effects became more and more sluggish 
and incomplete, as time went on, but in other instances the latency 
of the phenomena actually became shorter and shorter and the EEG 
changes became clearer. The difficulties encountered in maintaining 
a preparation in stedy conditions for long time do not permit us to 
commit ourselves on the mechanisms of these differences of behavior. 


5. Effects of different levels of transection of the brain stem. — 
As previously reported (2) in our experiments the pons was sectioned 
through. a ventral approach with a thin spatule, a technique that 
minimized the injury to other parts of the nervous system, but one 
that permitted slight changes in the level of the section. This level 


that good effects were obtained in all instances in which the tran- __ 
section was made just in front of the trigeminal roots. The true ~— 
level of the lesion could be traced, occasionally, more rostrally due 


a lesion at a slightly higher level did not jeopardize our results 
unless it extended near the rostral border of the pons. In these ” 
latter cases the EEG activity always showed the everlasting sleep | 
patterns of the prepontine preparation (8, 9) and of the cerveau isolé. 
Darkness did not disrupt the synchronous rhythms in these ‘experi-_ 3 


ferrites Henning 


EEG SYNCHRONIZATION BY LIGHT 


lL. vis. 
A VI Na eA i lA ne te Shatin” her a nih 


by Le ae 


5 sec amv 


Fig. 4. — Influence of the angle of incidence of the light beam on the 
light-induced sleep. 


EEG recording through dura mater. A: after 10 minutes of dark 


-adaptation. B: 3 minutes after beginning of illumination with light at 


go° angle. C: following B. At the arrow the light beam is brought parallel 
to the optic axis. D: 2 minutes after B. At the arrow the light beam is 
returned to a 90° angle. E: 3 minutes after D. Note that in C changing 
the direction of the light beam does not produce an arousal reaction. 
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illumination became apparent only when we realized that a series 
of unsuccessful experiments was due to changes in our technique 
of stimulation which we regarded at first as of minor importance 
An attempt was then made to analyse more closely these stimulation 
parameters. So far, only the effects of the direction of the light 
beam falling on the cornea and, to some extent, that of light intensity, 
have been investigated. More experiments are needed with controlled 
intensity and wavelength of the light stimulus. 

Our first positive results had been obtained, as chance observa- 
tion, with light falling from the ceiling. Since it was impossible 
to give in this way the intensity of the light falling upon the retina, 
we decided to utilize a light beam lying in the optic axis of the eye. 
To our surprise these experiments were completely negative. No 
matter how bright or how dim the light beam was, we found it 
altogether impossible to replace the low voltage fast activity of 
our midpontine cats with synchronous rhythms. Only when the 
light beam fell on the corneas from above, with an inclination 
of 45° to go® to the horizontal axis, were we able to reproduce 
our effect. 


— 
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with a photocell, it seems that any increase in the intensity of light 
stimulation above the level utilized in our routine procedure makes 
it progressively more difficult to obtain the effect. 


7. Respiratory and circulatory factors. — These two factors 
cannot be easily separated, since both contribute to the maintenance 
of optimum levels of pO, and pCO, in the internal environment of 
the brain. Two factors were controlled in our experiments, viz., 
blood oxygenation and blood pressure. 

The EEG effects of steady retinal illumination were no longer 
observed when the percentage of O, saturation of Hb fell slightly 

_ below the maximum values. The opposite danger of hyperventilation 
leading to hypocapnia was avoided by adjusting the respiratory 
_pump in such a way to maintain adequate O, saturation with the 

: slowest rate and with the lowest depth of the respiratory acts. We 

found that a rate of about 18 strokes per minute was adequate for 
our immobilized animals; it is considerably lower than the rate of 
spontaneous respiration in the intact cat. 

The limits of systemic blood pressure values were more easily - 

defined. No experiment was performed when arterial pressure was 

less than 85 mm Hg. In the course of several good experiments an 
occasional circulatory collapse showed clearly that no effect was to 
be expected from light stimulation when the pressure was lower 
than this critical level. During circulatory collapse the EEG showed 
slow waves grouped in spindles and very little activity in the inter- 
idle lulls even during dark adaptation. Only after injection of 
drine the low voltage fast activity returned, and occasionally 
patterns were replaced By. eyacluoous rhythms cunies SaaS 
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thesis based on the reduction of the dark discharge produced by 
visual illumination. The third part of our endeavour will be devoted 
to a critical appraisal of the limitations inherent in our experimental 
approach. 

1. A discussion on possible causes of error. — Tension of blood 


gases is a factor that must particularly be taken into account in | 


the EEG experiments performed under artificial respiration. In 
our curarized pretrigeminal cats the main cause of error is repre- 
sented by an excess of ventilation. Let us assume that a slight 
hyperventilation leads to EEG synchronization. If this tendency 
is not too strong, it might be checked by the activating influence 
of the retinal dark discharge. The abolition of this discharge by 
ocular ischemia (12, 1, 2) or during steady illumination (as in these 
experiments) would restore the background of synchronization. If 


this hypothesis is correct it would be unjustified to state that steady - 
‘light produces synchronization. These EEG patterns would be the 


consequence of an abnormality of the internal environment, namely 
of hypocapnia, and the light would simply uncover this effect. It 
is true that Batini, Magni, Palestini, Rossi and Zanchetti (8) have 
shown that the low voltage fast activity of the midpontine pretri- 
geminal preparation is not due to abnormal humoral factors, however 
their experiments. were made in the chronic, non curarized, spon- 
taneously breathing preparation, so that their results do not provide 
direct evidence against this objection. - We-regard it unlikely that 


our experimental results are due to hypocapnia for three reasons: _ 


i) First of all, the synchronizing effect of light was obtained 


also when the usual intensity of artificial ventilation was somewhat. _ 


reduced; it actually disappeared only if the percentage oxygen 
saturation of the arterial blood fell below a critical value. Although 
oxymeter reading obviously lack the precision of more quantitative 
blood gas measurements, there is little doubt that pO, was lower 
and pCO, actually higher than in the normal cat for the lowest 


intensities of ventilation that still permitted an EEG synchronizing — 
effect of light to appear. Hence the synchronizing effect of light. 


can be obtained also without hyperventilation. 
2) The very slow irregular waves (z to 3/sec) frequently 


observed during hyperventilation (15, II) cannot be mistaken for — 


the spindle trains. It is unlikely, moreover, that prolonged hyper- 
ventilation’ would permit us to obtain EEG activation several times, 
as we routinely evoked by means of olfactory stimulation. 
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3) It is not clear in terms of the hypothesis under consider- 
ation why the build-up time of the EEG synchronization produced 
by light should be so long (of the order of a few minutes). If the 
dark discharge would conceal an inherent tendency to synchroniza- 
tion produced by hypocapnia, the withdrawal of the activating 
discharge should be followed immediately by the synchronization. 

It is easier to handle the opposite objection that the low voltage 
fast activity of our dark adapted preparation might be due to de- 
crease of pO, and increase of pCO, produced either by hypoventilation 
or by decreased blood circulation in the brain. Effects of this kind, 
if present, should be quite slight, since blood oxygenation, arterial 
pressure and pupil diameter were routinely controlled in our exper- 
iments. Moreover, the initial EEG arousal produced by anoxia is 
due to chemoceptive discharge (15) which obviously cannot reach 
the cerebrum following a pretrigeminal transection. 

Summing up, we believe that low voltage fast waves represent the 
standard EEG activity in our experimental condition, for normal levels 
of blood gas tension. Hence our problem is to analyse the neural 


events leading to EEG synchronization during continuous, prolonged 


illumination of the retina. 

2. A hypothesis on the EEG synchronizing influence of steady 
light. — It is evident that the temporal and ‘spatial organization of 
the impulse traffic along the optic nerve greatly differs in the dark 
adapted preparation from that of the same animal under steady 
light. Moreover, some of these differences must ultimately be 
responsible for the tendency toward EEG synchronization observed 
under steady light. Unfortunately our knowledge on the retinofugal 

discharges is quite fragmentary. Most‘of the authors were concerned 
with the events occurring at the onset and at the end of the retinal 
illumination, rather than with those elicited by steady light. 

The most direct approach to a study of the retinal influences 


on the central nervous system is provided by microelectrode record- 


ing from single cells of the ganglion layer (17, 19, 18) or from single 


fibers in the optic nerve (12). The data obtained with this method 


. 


(see 17, 18) are of invaluable usefulness in interpreting the events 


of retinal excitation, but there are two serious limitations in' our 
ra 
/ 


knowledge which need to be stressed. First of all most of our informa- 


- tion concerns the effects of short lasting photic stimulation recorded 


for a very limited stretch of time. Second, only a few samples of 


retino-fugal responses have been studied, and only one at a time. 
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Only recently an attempt hasbeen made to investigate the behavior — 
of the same retinal units during long-term stimulation, with the — 
hope to offer a picture of the overall retinal activity in long stretches 
of time (20). The rather unexpected and striking result has been ~ 
that most elements are active both in darkness and in light. Actually _ 
in most of the light-influenced elements the activity is stronger in 
darkness than during prolonged illumination. At the onset of illumi- 
nation the rate of firing rises in the “on”’ and “ on-off ’’ elements 
(17, 19), but this level cannot be sustained for more than a few 
seconds in most of the units. If the photic stimulus lasts for some 
time, the activity of the “on” and “ on-off ’’ units falls below the 
firing level recorded during darkness. The dark discharge of other 
units (“off’’ type) is inhibited during retinal illumination (17). 
This inhibition cannot last as long as the photic stimulus (19), but © 
the resumed discharge usually has a lower level than that in 
darkness (20). ' . 

Our EEG synchronizing effect might thus be due to the pos-— 
itive influence of photically evoked discharge or be the consequence — 
of the withdrawal of a tonic influence arising in darkness. We Q 
" sHeve that the second Meads th is more likely, for the following 4 
reasons: 

1) It is difficult to see how the “on” discharges of the retina — 
may lead to EEG synchronization after several minutes from the ~ 
beginning of the illumination. These “on’’ discharges are unlikely — 
to be present in our experimental conditions in which the nystagmic — 
movements of the eye were abolished by the curarization so that — 
the intensity of the photic stimulation remained constant throughout | 
the period of stimulation. a 

2) Visual deafferentation by ocular ischemia, performed 
the same preparation, clearly reproduces the effects ‘of stead 
illumination both on spontaneous EEG activity ate 2) 
Seeporss of the visual cortex to geniculate shocks | 
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correspond to partial deaffereniation in so far as the retinal dark 
discharge ts concerned. The sudden withdrawal of the dark discharge 
would lead to a critical reduction of the tonic activity of the 
ascending reticular system at least in our experimental conditions, 
in which the sensory input is represented only by the olfactory and 
visual stimuli, thereby releasing the activity of the synchronizing 
pacemaker of the thalamus. 

We realize that this is only suggestive evidence and that crucial 
proofs of our hypothesis are still lacking. However, the only alter- 
native explanation of our findings would be to assume that besides 
the “on” and “on-off’’ units there are other retinal elements 
which are continuously discharging only under steady and prolonged 
illumination. This is an unproven and unnecessary hypothesis, 
which however cannot be dismissed in the present conditions of 
our knowledge. Our explanation, on the other hand, would fit 
‘Schubert’s hypothesis (25) on the inhibition of the dark discharge 
as a signal of the intensity of steady illumination. The functional 
significance of the dark discharge was discussed in another paper (5) 

3. The limits of the deafferentiation hypotesis.— We have already - 
stressed, but it should be emphasized again here, that following 
: midpontine pretrigeminal transection the effect of the withdrawal 
of the retinal dark discharge on the EEG rhythms is likely to be 
grea tly enhanced by the absence of all other sensory inputs excepting 
he olfactory pathways. One might add that olfactory deafferent- 
ation alone is not followed by EEG synchronization in the midpontine 
cat (10). It is unlikely, moreover, that any unintentional stimulation 

of olfactory receptors by room air was present to a relevant degree 
yur animals, which breathed through the tracheal canula. In 
; , the ibing EEG effects we > observed during retinal black-out 


"A 
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of the dark discharge and ‘the activating influence of photically 
driven retinofugal discharges. The latter effect is actually likely — 
to be overwhelming when repetitive flashes of light are applied, 
each of them giving rise to a pair of “on” and “ off” discharges. 
In these experimental conditions EEG Bsn occurs only 


after several hours of repetitive stimulation (22, 23, 24) probably 


wee 


through mechanisms entirely different from those considered in the 
present work. But even with steady illumination the activating — 


influences of light may easily override the slowly developing process 
of EEG synchronization. 
Let us consider first the effects of varying the beam direction. 


EEG synchronization was obtained, in our conditions, only when ; x 


the more peripheral receptors were illuminated. It is obvious that — 


with an intact eyeball the receptors more centrally placed also ‘ 
receive a definite “amount” of. stimulation. Our experiments ~ 
should be repeated with more refined techniques of localized photic — 
stimulation before any conclusion may be drawn regarding the — 
EEG effects of the different parts of the retina. Our results may ~ 


indicate as a-working hypothesis that co-stimulation of centrally — 
_aaced receptors should be limited as much as possible in order to 


obtain more easily EEG synchronization. As a matter of fact, all 
maneuvres leading to increased stimulation of centrally placed 
retinal receptors — such as reducing the angle made by the beam 
with the optic axis of the eye or increasing the intensity of light — 
prevented the appearance of EEG synchronization. Purely intra-_ 
retinal interactions may play an important réle in the strug 3 


between the Bebe effects of steady retinal lunation ie ia 


* 
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4. The spindle trains are replaced by low voltage fast activity 
when the illumination is withdrawn. This process also takes a few 
minutes to develop. 

5. These alternations of opposite EEG patterns can be repro- 
duced several times in the same preparation by alternating periods 
‘of steady illumination and of complete darkness. 

6. The parameters of illumination and the general conditions 
of the preparation have been investigated. 

7. The data are discussed and the results are compared with 
the effects of visual deafferentation. 
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ELECTROPHYSIOLOGICAL ANALYSIS 
OF THE ACTION OF ATROPINE 
ON THE CENTRAL NERVOUS SYSTEM: 
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To eo, Corea 


INTRODUCTION 


Electroencephalographic investigations on atropine were first 
carried out by Wescoe, Green, McNamara and Krop (23) and by 
Bremer and Chatonnet (8). These authors demonstrated that in- 
travenous administration of the drug-had a definite effect on the 
electrical activity of the cerebral cortex and, in particular, that it 
increased the amplitude and decreased the frequency of the electro- 
- encephalographic waves. This effect could not easily be reconciled 
with the results of behavioural experiments carried out a short time 
; este by Funderburk and Case (14), who had observed that 
athe”; ‘ avoidance ”’ conditioned-response of the cat was in no way 
dified by atropine. Further investigations by Funderburk and 
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(x5) confirmed the EEG effects of the drug and emphasised " 
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On the basis of this “‘ dissociation ’’ between behaviour and EEG, 
Wikler maintained that ‘‘ the mechanisms which subserve ‘sleep’ 
and those which subserve the ‘ burst-slow’ wave EEG patterns 
are distinct from each ether ”’ 

The interest aroused by Wikler’s observations, which were 
subsequently confirmed by Bradley and Elkes (4), is easily understood 
when one takes into account the importance commonly assigned to 
cerebral electrical activity as an index of behaviour, an index par- 
ticularly valuable in those experimental conditions which preclude 
direct analysis of the behaviour itself. These observations have 
led to a large number of investigations into the mode of action of 
atropine on the central nervous system. Considering the well-known 
importance of the effect produced both on cerebral electrical activity 
and on behaviour by certain structures in the brain stem and dien- 
cephalon, it was natural that special attention should be paid to 
the nature of the effect of the drug on the activity of these structures. 

By administering atropine to curarized rabbits, Rinaldi and 
Himwich (21) observed, according to the doses used, a rise in threshold 
or a block of the EEG arousal reaction in response not only to phys- 
iological stimuli but also to direct electrical stimulation of the 
reticular substance. They therefore maintained that the drug acted 
by depressing those subcortical structures which exert an “‘ activat- 
ing’ effect on the EEG (the “ mesodiencephalic system’ in the 
authors’ nomenclature). On the basis of this and of the fact that 
acetylcholine or other cholinergic substances, in contrast to atropine, 
produce a desynchronization of the EEG, they put forward the hypo- 
thesis that these structures have a basically cholinergic nature. Longo 
(17, 18) reached virtually the same conclusions at about the same time. 
He observed, also in the rabbit, a block or a depression of the EEG 
arousal reaction in response to physiological stimuli and to high-fre- 
quency electrical stimulation of the reticular substance of the brain 
stem and of the aspecific nuclei of the thalamus. Longo noted fur- 


ther that the behavioural responses to stimulation of the hypothala- < 
mus in intact, non curarized, rabbits were not affected by the drug. =a 


Rinaldi and Himwich (22) maintained that support for the 


“mesodiencephalic’’ hypothesis of the site of action of atropine 


was provided by the fact that the drug has no effect on the cortical — * 


electrical activity of the “isolated hemisphere’ preparation, a F 


preparation in which the entire cortex of one hemisphere, with part | : 
of the basal ganglia, is deprived of all connection with the rest of 
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the encephalon. We are of the opinion,however, that this conclusion 
rests on a rather weak experimental basis. We maintain that in 
the preparation of Rinaldi and Himwich, in which acute surgical 
section has separated one part of the telencephalon from the other 
parts of the central nervous system, the EEG activity is markedly 
depressed and uniform and does not lend itself to a confident inter- 
pretation of this sort. 

By experimenting on the encéphale isolé cat, Bradley and Key 
(6, 7) demonstrated that, although atropine suppressed the effect 
of electrical stimulation of the reticular formation on the EEG 
rhythms, it did not impede the behavioural responses characteristic 
of this stimulation. Bradley and Elkes (5) further, confirming 
previous observations of Bradley, Cerquiglini and Elkes (3), and of 
Rinaldi and Himwich (22), observed that, in a cerveau tsolé cat 
whose cerebral electrical activity had previously been desynchro- 
nized by the administration of a cholinergic drug, the injection of 
atropine restarted the profound EEG synchronization characteristic 
of the preparation. On the basis of these results, Bradley, Elkes 
and Key (5, 7, 2) did not consider it possible that the action of 
atropine on the EEG rhythms-was due to a depressant action on 
the ascending reticular system. They thought that atropine acted 
on systems which are situated rostral to the reticular structures and 
which are not directly involved in the mechanisms that govern 
behaviour. As a hypothesis, they suggested that these systems might 
be found in the diffusely-projecting thalamic nuclei. 

To sum up, it seems that there is general agreement in assigning 
a predominantly subcortical site to the action of atropine. Whereas 
for Rinaldi and Himwich (21, 22) and for Longo (17, 18) this site 
would cover the reticular structures of the brain stem and the aspecific 
thalamic nuclei, for Bradley, Elkes and Key (5, 7, 2), only the latter 
would be depressed by the drug. 

In the present investigations we wished to re-examine the 
problem of the mode of action of atropine in inducing EEG synchro- 
nization and abolition of the arousal reaction. With this aim we 
have tried to carry out experiments to provide a direct -indication 
of the action of atropine on the functional state of the reticular 


and thalamic structures that influence cerebral electrical activity . 


and are responsible for the arousal reaction. 
The results obtained from these experiments show that atropine 


acts at a supra-reticular level and suggest that the origin of the 
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EEG manifestations producedsby the drug is profoundly different 
from the origin of those observed in barbituric sleep and in the 
cerveau tsolé preparation. 


METHODS 


The experiments were carried out on 33 adult cats. The majority of 
the animals were subjected, under ether anaesthesia, to transverse section 
of the neuraxis with a spatula at the intercollicular midbrain level (cerveau 
isolé preparation) or at high spinal level, between the first and the second 
cervical segment (encéphale isolé preparation). Sometimes the spinal section 


was accompanied by electrocoagulation of both the Gasserian ganglia (the - 


gasserectomized encéphale isolé preparation). In some animals, instead of 
complete surgical section of the neuraxis, a limited destruction of the mid- 
brain tegmentum was carried out with a stereotaxic electrolytic technique. 
Some experiments were carried out on intact animals immobilized with 
Sincurarina and maintained under artificial respiration. 

The cortical electrical activity was recorded on a 10-channel Galileo 
electroencephalograph using cotton wick electrodes placed on the sensori- 
motor cortical areas, exposed or protected by the duva mater, and screw 
electrodes fixed in the cranium in positions corresponding to the parietal 
and occipital areas. Bipolar concentric electrodes, inserted with the stereo- 
taxic instrument, were used for recording from and for stimulation (always 
bipolar; square pulses of 1 msec duration) of the reticular and thalamic 
structures. Single electric stimuli applied to the sciatic nerve (1 msec) or 
single acoustic stimuli (produced by a loudspeaker connected to the stimu- 
lator) were used for the study of the reticular responses to peripheral sensory 
stimulation. In the experiments on the effects of atropine on the sensori- 
reticular and on the reticulo-reticular responses, the reticular potentials 
were observed and recorded on a Cossor oscillographic unit as well as on 


the electroencephalograph. 


The atropine (sulphate) was administered intravenously or intraperi- 
toneally in doses varying from 2 to 4 mg/kg. At the end of the experiment 
the animal’s brain was perfused with 10% formalin by intracarotid injection 
and the electrodes were left in situ for 12 to 24 hours. The precise location 
of the electrodes was then determined by searching for their tracks in serial 
sections stained alternately according to the methods of Nissl and of Weil. 
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cortical recruitment) (Fig. 1: A, 3) or in the aspecific thalamic nuclei 
of the opposite side (thalamo-thalamic recruitment). Atropine was 
then injected in amounts varying from 2-4 mg/kg. After some 
minutes we observed the development of the well-known modifi- 
cations of EEG activity, 7. e, the appearance of high-voltage slow 
waves and of spindles at 8-12/sec in those animals in which the 
electrical activity was desynchronized, and an increase in amplitude 
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of the slow potentials and of the spindles in those preparations which 
already had an EEG pattern corresponding to sleep: Physiological 
sensory stimuli no longer had any activating effect on the cerebral 
electrical rhythms. Similarly, high-frequency stimulation of the 
reticular substance and of the aspecific thalamic nuclei, with the 
lowest intensities which had been effective before the administration 
of the drug, no longer produced any modification of the EEG activity 
(21, ¥7, 18, 6, 7; Fig. 1: B, r and 2). Only when we used stimuli 
of higher intensity (equal to at least twice the previous threshold 
value) was it sometimes possible to bring about a disappearance of 
the spindles, but not of the slow waves, during the actual period of 
stimulation (17, 18). 

In contrast to what was observed in the case of the EEG response 
to high-frequency stimulation, low-frequency stimulation of the 
diffusely-projecting thalamic nuclei. still gave rise to recruiting 
responses in the cerebral cortex (17, 18; Fig. 1: B, 3) or in the 
contralateral thalamic nuclei, with no apparent change in the 
threshold. 


2. Effects of atropine on the reticular responses to single sensory 
sttmult. — It is well known that single electrical stimuli applied to 
sensory nerve-fibres or natural stimuli of brief duration produce 
evoked potentials in the reticular substance, and that these responses 
are readily depressed by the administration of barbiturates (13, 1). 
The first step in our experiment was to locate a point in the reticular 
substance — usually at midbrain level — which responded well to 
electrical stimuli applied to the sciatic nerve and to acoustic stimuli, 
in each case the repetition rate being 0.5/sec. The latency, form 
and amplitude of the evoked reticular potential were determined. 
The second step was to determine the threshold of electrical stim- 
ulation at 300/sec which, when applied to this same point in the 
reticular substance, produced the typical EEG arousal reaction 
(Fig. 2: 1). Pentothal (Thiopentone sodium) was then administered 
intravenously (10-20 mg/kg). Its depressant action on the potential 
evoked by the sensory stimuli and on the EEG reaction to stimulation 


_ of the reticular substance provided us with a pharmacological control 


of the reticular nature of the phenomena observed (Fig. 2: 2). We 
then waited until, after the effect of the barbiturate had ceased, 
the evoked reticular potential reappeared and regained its original 
latency and amplitude, and until high-frequency stiniulation of the 
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reticular substance once again produced activation of the EEG 
rhythms at the original threshold values (Fig. 2: 3). At this stage 
atropine was injected in sufficient quantity to produce a block of. 
the EEG arousal reaction to reticular stimulation. Just as Longo 
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Fig. 2. — Effects of Thiopental Sodium and of atropine on the EEG. 
arousal veaction to reticular stimulation, on the reticular responses to single. 
sensory stimuli and on the intrareticular conduction. 


Encéphale isolé cat. EEG recording from the fronto-temporal regions 
of both sides (F. T.r. and F. T./.) and CRO recording from the mesen- 
cephalic reticular substance. r. Control: EEG arousal produced by electrical 
stimulation of a point of the midbrain reticular formation (2 V, I msec, : 
300/sec) ; responses evoked at the same reticular point by a single acoustic 
stimulus: (click). and by a single electrical shock to the bulbar «reticular 
substance (retic). 2. Five minutes after the i. v. injection of 10 mg/kg of 


Thiopental Sodium: EEG synchronization, suppression of the EEG arousal Me 
- reaction to reticular stimulation, and strong depression of the reticular Sic 
potentials evoked by click and bulbo-reticular shock. 3. Thirty minutes 4 
after 2: EEG arousal and evoked potentials as in 1 (recovery from barbi- ay 
turate anesthesia). 4. Ten minutes after the i. v. injection of 2 mg/kg of ae 


atropine: EEG synchronization and suppression of the EEG arousal reaction 
asin 2; but no changes on the amplitude of the reticular responses produced 
_ by click and bulbo-reticular shock. Page 
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and Silvestrini had observed in the rabbit after administration of 
scopolamine (19), so atropine had no effect on the activity evoked 
in the reticular substance by afferent stimul: potentials absolutely 
equal to and sometimes even larger than those seen before the 
administration of the drug could still be recorded from the reticular 
substance in response to sciatic or acoustic stimulation (Fig. 2: 4). 
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3. Effects of atropine on the mesencephalic reticular responses to 
single stimuli applied to the bulbo-pontine reticular substance. — We 
began the experiment by locating a point in the reticular substance 
of the midbrain which gave good responses to the stimulation with 
single pulses, repeated every two seconds,. of another point in the 
reticular substance of the pons or of the bulb. After the latency, 
form and amplitude of the response had been established, we de- 
termined the lowest intensity of stimulation at 300/sec of these 
same reticular regions which would produce activation of the electrical 
rhythms of the cortex (Fig. 2: 1). As in the experiments described 
earlier, we then went on to administer pentothal in order to check 
the sensitivity of the reticulo-reticular evoked potentials and of the 
EEG activation by reticular stimulation to a drug which unquestion- 
ably depresses the activity of the ascending reticular system: both 
effects were abolished by the barbiturate (Fig. 2: 2). When sufficient 


time had passed for all the effects of the pentothal to have 


disappeared (Fig. 2: 3), atropine was injected until the reticular 
activating effects on the EEG ceased completely. On examining 
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the reticulo-reticular responses we noticed that they had not been _ 


in the least affected by the administration of the drug: the potentials 
evoked in the mesencephalic reticular substance by stimulation of 
the bulbo-pontine reticular substance had preserved their oH 
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thalamic nuclei and in the cerebral cortex (20; Fig. 1: A, 4 and 5; 
Fig. 3: C). After injecting atropine in the usual doses capable of 
suppressing the activating reticular effect on the EEG (Fig. 1: B, 2; 
Fig. 3: D), we established that there was no modification in the 
reticular effects on the electrical activity induced by thalamic stim- 
ulation: the recruiting responses were still inhibited by reticular 
stimulation at intensities equal to the lowest effective intensity 
before the administration of the drug (Fig. 1: B, 4 and 5; Fig. 3: F). 


DISCUSSION 


Before proceeding to discuss the possible mode of action of 
atropine on the reticular and thalamic mechanisms which modify 
EEG activity, it seems to us appropriate to summarise briefly the 
principal relevant results which have arisen either from earlier investi- 
gations by other workers or from our own researches reported above. 

a) Atropine has no effect on the responses of the brain stem 
reticular substance to single electrical shocks applied to peripheral 
nerves or to sudden natural stimulations of brief duration (section 2 
ui our results, confirming the observation of Longo and Silvestrini (19) 
with scopolamine). 

b) Atropine has no effect on the response of the rostral 
(mesencephalic) part of the reticular substance to stimulation with 
single electric shocks of the caudal (bulbo-pontine) part of the re- 
ticular substance itself (section 3 of our results). 

c) Atropine abolishes the EEG arousal reaction produced by 
threshold electrical stimulation of the brain stem reticular substance 
(21, 17, 18, 6, 7; section 1 of our results). Supraliminal reticular 
stimulation can, however, produce a partial arousal reaction, con- 
sisting of a disappearance of the spindles (17, 18; section 1 of our 
results). et 
d) Atropine abolishes the EEG arousal reaction produced by _ 
high-frequency elettrical stimulation of the diffusely-projecting 
thalamic system (17, 18; section 1 of our results). 

e) Atropine has no effect on the thalamo-cortical (17, 18; 
section x of our results) or on. the thalamo-thalamic recruiting | 
responses (section I of our results). ' «ae yi 

f) Atropine has no effect on the inhibition, produced by 
high-frequency stimulation of the reticular substance, of the thalamo- 


~~ 


ATROPINE AND EEG 303 


cortical and thalamo-thalamic recruiting responses (section 4 of our 
results). 

The findings referred to in a), b) and /) show respectively that 
atropine does not modify the normal conduction of impulses in the 
specific sensory pathways to the reticular substance, the conduction 
in the ascending intra-reticular pathways, or the reticulo-thalamic 
conduction. These points seem to us to provide a convincing direct 
proof that the reticular structures of the brain stem are not seriously 
depressed by doses of atropine which produce the typical synchro- 
nizing effect on the EEG. Our conclusions agree, then, on this 
point, with those of Bradley, Elkes and Key (5, 7, 2). Our 
findings also lead us to differ from the suggestion of Rinaldi and 
Himwich (21, 22), in that we do not consider that there are strong 
enough grounds for the hypothesis of the cholinergic nature of the 
ascending reticular system. 

The situation is less clear with regard to the action of atropine 
on the diffusely-projecting thalamic system. Indeed we are faced 
with some apparently contradictory findings. On the one hand, 


atropine abolishes the arousal reaction which normally follows high- 


frequency stimulation of the aspecific thalamic nuclei (cf. d); on 
the other hand, the same doses of the drug do not in any way depress 
the recruiting responses produced by low-frequency stimulation of 
those same thalamic nuclei (cf. e), nor do they even alter the sen- 
sitivity of this recruiting activity to high-frequency stimulation of 
the reticular substance (cf. /). The first finding might lead one.to 
suppose that the thalamic neurones were depressed, while the other 
findings would seem to indicate that the functional state of these 
structures ‘was. normal. ; 

The simplest interpretation of this apparent contradiction 
between the results would be to suppose that the effect of atropine 
is to lengthen the phase of functional depression of the thalamic 
neurones which follows each electrical stimulus. In consequence, 
stimulations at low frequency, such as produce recruitment, would 
still be effective while stimulations at higher frequency, such as pro- 


duce the arousal reaction, would cease to have any effect. The fact 
_ that the stimulation of the reticular substance at 300/sec suppresses. 


_ the recruiting thalamic activity cannot, however, be easily reconciled 


. 
é 


"with a lengthening of the refractory period of the thalamic neurones. 
It seems to us, rather, that this effect shows: that the thalamic 


_ neurones have their normal sensitivity to impulses, presumably at 
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high frequency, which reach them from the brain stem structures. 
This interpretative hypothesis could, however, be checked exper- 
imentally by studying the effects on behaviour of high-frequency 
stimulation of the aspecific thalamus before and after the admin- 
istration of atropine. 

A second possible interpretation would assign an extra-thalamic 
site, cortical or subcortical, to the effect of atropine. In the atro- 
pinized animal both low-frequency and high-frequency stimulation 
would excite the thalamic neurones in the normal way; these would 
as a result send on their synchronizing and activating impulses 
respectively to cortical and subcortical structures. Atropine would _ 
act on these structures in such a way, however, as to make them 
sensitive only to the recruiting impulses. 
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A third explanation could be, as already put forward by Longo ~ 
(17, 18), that there are two aspecific thalamo-cortical systems topo- 


graphically mixed, but functionally different or at least differentiable 


on the basis of the difference in their sensitivity to atropine. The eS 


one system, sensitive to the drug, would have an activating function; — 


the other system, not sensitive to the drug, would have the opposite _ 


uect, recruiting or synchronizing. Evidence has been brought © 


_ forward by King (16), and confirmed by Domino (12), for the possi- 


bility that the recruiting function of the thalamus is selectively 
affected by pharmacological agents which have no effect on the 
activating functions, and vice versa, but it seems to us difficult to 
prove that this selectivity of action oe involves a Soho e 
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urally do not allow us to say whether the tonic activity of the ascend- 
ing reticular system is also normal after the administration of 
atropine, but the fact that the behaviour of the animal is not affected 
by the drug provides at least an indication (though not, of course, 
a decisive proof) in favour of the hypothesis that this tonic activity 
also is not seriously affected. If this thesis were accepted, we should 
be forced to concede that the EEG effect of atropine is not validly 
explained in terms of an inactivation of the ascending reticular 
System with consequent release of thalamic synchronizing mecha- 
nisms. It follows, therefore, that the explanation of the origin of 
the cerebral electrical activity produced by atropine is different from 
that commonly accepted for the EEG sleep produced by barbiturates 
or by transection of the midbrain (cerveau isolé). The hypothesis 
thas been made (11; see however 10) that the spindles occurring 
‘during EEG sleep are due to thalamo-cortical volleys arising in the 
Tecruiting nuclei of the thalamus. If this explanation is accepted, 
a corollary would be that the pacemaker responsible for ihe EEG 
‘synchronization produced by atropine is not to be found, or at least 
‘is not to be found only, in the thalamic recruiting nuclei. Perhaps 

the thalamic recruiting system might be responsible for the spindles, ~ 
insofar as the spindles are the only component of the cortical electrical 
rhythms induced by atropine which are still sensitive, although not 
ilways so, to reticular stimulation. The principal component of the 
atropine-induced synchronization, the slow waves, would then be 
due to the activity of extra-thalamic structures, subcortical or cor- 
% , completely cut off from any ascending activating influence. 
is leaves open the problem of the identification of these structures — 
of the. cause of foes insensitivity to the action of the activating 
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recruiting responses produced by low-frequency stimulation of the 
same aspecific thalamic nuclei, d) has no effect on the responses 
evoked in the reticular formation by single sensory stimuli, e) does 
not affect the responses evoked in the rostral midbrain reticular 
substance by single electrical shocks to the lower brain stem reticular _ 
structures, /) does not modify the inhibitory effect produced by 
high-frequency electrical stimulation of the reticular substarce on 
the thalamically induced recruiting activity. 

3. It is concluded that atropine does not depress the excitability 
of the ascending reticular system. The inhibition of the EEG arousal — 
reaction is due to a suprareticular, and perhaps suprathalamic, 
action of the drug. It seems that the origin of the sleep-like cerebral — 

electrical. activity produced by atropine is different from that of 
; barbituraté narcosis and of the cerveau isolé preperation. 
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ae . It has recently been observed that electrocortical activity is~ 
Re influenced by stimulation of sinocarotid afferents, increased intrasi- 
A ee nusal pressure resulting in EEG synchronization (6, 11). Since 
es _ these EEG patterns are usually referred to a decreased activity 
ae . uf the ascending reticular system (see 34), the electrocortical effects 


of pressoceptive stimulation also have tentatively been consider 
to depend on a reflex inhibition of ascending reticular neurons (6, 11). 
The experimental evidence that the pees of influence of the 
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regulation and emotional responses may be under the tonic control 
of ascending reticular impulses (7, 38), we have selected to study 
whether these neural structures are subject to the restraining influence 
of pressoceptive sinocarotid reflexes as well. Recently, the reverse 
relationship, 7. e., an hypothalamic influence on sinocarotid reflexes 
has been suggested by Gellhorn (16). 
In shaping our experimental program, we have thought that 
any hypothetical influence on autonomic and somatic diencephalic 
activity might be better emphasized using a preparation displaying 
a high level of such hypothalamic activity. In the same way that 
the study of postural mechanisms has widely profited by the exagger- 
ated postural reactions of the decerebrate animal, we have thought — 
it likely that our study might take advantage of the strong back- 
_ ground of hypothalamic excitability existing in the acute decorticate 
animal. Indeed, it is hardly possible to observe a more intense auto- 
nomic activity and excitability than in this preparation, whose 
‘sham rage” behavior is classically considered as dependent upon 
central mechanisms located in the caudal hypothalamus (1). 
i Using this preparation, we have been able to demonstrate that 
the diencephalic centers responsible for sham rage are under a tonic 
inhibitory, influence from the sinocarotid, and probably aortic, presso- 
ceptors. Indeed a transient interruption of pressoceptor firing was re 
regularly followed by a patterned outburst of hypothalamic somat- Bee 
ic and autonomic activity, and, conversely, pressoceptive stimulation ee 
appeared to be capable of blocking or at least reducing frequency _ ‘ ( 
and intensity of the spontaneously occurring fits of sham rage. ae. : 
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lation was interrupted and no leakage was permitted through this route. 
Two types of experiments were performed. In a larger series of animals, 
sinocarotid pressoceptor discharges were transitorily interrupted by de- 
creasing intrasinusal pressure, which was simply obtained by clamping 
both common carotids. In a smaller group of animals the reverse experi- 
ment was performed: pressoceptors were stimulated by increasing intrasinus- 
al pressure. For this purpose one or both common carotid arteries were 
ligated at the lower cervical level, cannulated and connected to a reservoir 
filled with warm saline; pressure ‘inside the reservoir could be changed by 
means of a rubber pump and read on a mercury manometer. If one blind- 
sac only was prepared, the controlateral carotid sinus was denervated. 
When selective inactivation of the chemoceptive sensitivity was required, 
this was effected bilaterally by iniecting intrasinusally a small amount of 
a lycopodium suspension through the central stump of the lingual artery, 
conveniently cannulated (18). Chemoceptive sensitivity was tested pre- 
viously and following embolization of the carotid bodies by recording the 
responses to small amounts (10 wg) of lobeline injected intrasinusally. — 
The behavior of the acute decorticate animal during inactivation or 
stimulation of the sinocarotid pressoceptors was carefully observed, and 
some of the autonomic and somatic phenomena were selected to be photo- 
graphically recorded on a suitable multichannel apparatus (Battaglia Ran- 
goni, Multistylus Special). Arterial pressure was measured from a cannul- 
ated femoral artery by means of a Sanborn capacitance manometer, and 
respiration was transduced by a crystal capsule connected to the side arm 


of the tracheal cannula. Graphic evidence of the somatic discharges paral- — 


leling autonomic activity in sham rage outbursts was obtained by leading 


the electrical activity of one or more muscles of the forelimbs, adequately — 


amplified by Grass P-5 AC preamplifiers. 

At the end of each experiment the level of brain transection was 
checked autoptically and in a few animals the brain was kept for subse- 
quent histological examination. 
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RESULTS 
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I. — Effects of decreasing intrasinusal pressure 
ee al Se 
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i. Carotid occlusion reflex in the acute decorticate cat. — wrk ; 
bilateral carotid occlusion was timed to occur ea a peri 
_ the Peng was ree ree a few, heat i 
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sham rage succeeded each other while the ‘common carotids were 
clamped, gradually fading away. 

Obviously, nobody can argue that in our experiments carotid 
occlusion might evoke hypothalamic discharges by affecting dien- 
cephalic neurons by transient local ischemia, since our experimental 
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Bigs = Identity of sham vage patterns induced upon carotid. occlusion } 
and nociceptive stimulation in_the vagotomized decorticate cat. ee 


In this and in the following Figs., EMG: electromyogram of triceps eae t 
brachii of a forelimb; BP: blood pressure as recorded from a femoral artery ; 


yt? “aie the 
A: effect of carotid occlusion (C. O.); B: effect of Prine a pinna(St). 
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control experiments, performed following transection of the spinal 
cord at T 1x. Although thissprocedure completely prevented any 
central nervous regulation of blood pressure or adrenomedullary 
secretion, sham rage outbursts could as easily be induced by carotid 
occlusion, provided that arterial pressure were maintained at reason- 
able levels (go-1oo mm Hg) by a continuous intravenous infusion 
of minute amounts of noradrenaline (Fig. 2). Also when the spinal 


Fig. 2. — Sham vage outbursts eon upon carotid occlusion before and 
after spinal cord transection. 


A: effect of carotid occlusion (C. O.) in the ae ee decorticate _ 
animal. B: effect of carotid occlusion (C.O.) following section of the spinal | 


cord at T 1. Note persistence of respiratory and motor chee of Tage, 


in spite of abolition of blood Presa ane changes. 
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- . , 

2. Role of sinocarotid pressoceptive afferents. — The definite 
demonstration that sham rage outbursts consequent upon carotid 
occlusion are related to sinocarotid reflex mechanisms is seen in 
Figure 3. Following denervation of both sinuses, the clamping of 


Fig. 3. — Effects of vagotomy and subsequent carotid sinus denervation 
upon carotid occlusion vesponse in the. decorticate animal. 

A: decorticate cat; Hering’s nerves and vagi bilaterally intact. Sham 
rage outbursts upon twisting of the pinna (St), but only blood pressure 
increase and hyperpnea without rage behavior upon carotid occlusion (C.O.). 

Following bilateral vagotomy (V), a sham rage outburst is evoked by 


carotid occlusion (see text p. 317). 
B: following bilateral section of Hering’s nerves (between A and B). 


Note that nociceptive stimulation (St) is still effective, while carotid occlu- 


sion (C.O.) yields no results. 


the common carotid arteries became completely ineffective, while 
sham rage fits could still be evoked be extero- or nociceptive stimuli 
(Fig. 3 B). é 

Tf it can now be conceded that the outbursts of hypothalamic 
activity evoked by carotid occlusion are dependent on the sino- 


carotid reflex path, it cannot be concluded as yet that the observed 
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lation, either by intracarotid injection of lobeline or by systemic 
hypoxia, results in outburts of sham rage identical to those occur- 
ring upon carotid occlusion. 

To assess the role of pressoceptive afferents in the phenomenon 

we were studying, we have resorted to selective inactivation of 
chemoceptive sensitivity, taking advantage of a technique described 
by Heymans and Bouckaert (18). When all arterial branches aris- 
ing from the carotid sinus are tied, a lycopodium suspension intro- 
duced into the common carotid reaches the small arterial vessels 
leaving the initial part of the occipital or ascending pharyngeal 
arteries which supply the carotid body. Hence lycopodium intro- 
duction results in embolization and consequent inactivation of the 
chemoceptors, without disturbing the excitability of the neighbor- 
ing pressoceptors. The effectiveness of chemoceptive inactivation 
was always tested by comparing the responses to intracarotid 
injection of lobeline (10 wg) preceding and following the embolizing 
procedure. As is shown in Fig. 4, injection of lobeline into the carot- 
id circulation, which was so effective previously (B, C), appeared 
devoid of any action following bilateral embolization of the carotid 
bodies (F, G). In spite of the clear-cut inactivation of the chemo- 
ceptors, but with the pressoceptors remaining intact, carotid occlu- 
sion was still capable of evoking dramatic fits of sham rage (H). 

Therefore, it appears safe to conclude that sham rage outbursts — 
following decreased intrasinusal pressure are due to release from reflex 
inhibition arising from carotid sinus pressoceptors. 


holds for 
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preparation are shown in Figure 5. Before pressoceptive deaffer- 
entation carotid occlusion was capable of evoking a moderate, al- 
though clear-cut, outburst of sham rage, but only hyperpnea without 
signs of rage behavior could be induced by twisting the pinna; no 
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That the aortic pressoceptors, or at least vagal afferents, might 
contribute to this inhibitory influence was definitely suggested by 
the frequent observation that carotid occlusion resulted in outbursts 
of sham rage only after both vagi were cut. Fig. 3, A, for instance, 

~ shows a carotid occlusion reflex which was associated with further 
hypertension and hyperpnea and with struggling movements only 
after bilateral severance of the cervical vagi. Moreover, it was 


A B 
EMG 
a 
170 
¢ 
BP 


10 sec 
— 


Fig. 6. — Potentiation of sham rage activity following bilateral vagotomy. 


Decorticate cat. Both vagi intact. Sham rage activity evoked (A) 
by twisting the pinna (St) is exaggerated (B) after bilateral vagotomy (V), 
- which is immediately followed by an outburst. Between A and B, 2 min. 


ec eAlly observed that rage fits evoked upon extero- or noci- 
-ceptive stimulation were facilitated following bilateral vagotomy, — 
an observation which is illustrated in Fig. 6. The frequent appear- 
© of an outburst of rage upon cutting a vagus nerve (see Fig. 6) 
ht well be suggested to depend on a release phenomenon, but it = 
likely to result from co-stimulation of vagal excitatory fibers as well. 
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; spontaneous emotional behayior-or for evoking rage outbursts upon 
extero- or nociceptive stimulation. It is reasonable to expect that 
these same structures should remain functionally intact in order 
that the patterned responses of rage may be induced by carotid 
occlusion. More direct evidence pointing in this direction is present- 
ed here (see Fig. 7). In a few decorticate preparations, the central 

: end of the lingual artery was cannulated with a fine polythene tu- 
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Fig. 7. — Effects of intracarotid introduction of T. hiopental upon Aesnoneea 4 
noked by carotid occlusion. 


Decorticate, vagotomized cat. Right lingual artery cannulated. Out-_ 
flow from carotid. arteries otherwise free. A: effects of carotid occlusion — 
(C.O.) before and after introduction of 0.8 mg Thiopental sodium into the 
carotid circulation through the right lingual artery. Note disappearance 
of somatic reactions (EMG), and reduction of respiratory responses. B: two - 
minutes following Thiopental introduction, carotid occlusion: is. Coa ca-_ 
Baie oe erga. outbursts of sham rage. 
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response of rage was completely lost. It returned only one or two 
minutes later, when the effects of the anesthetic drug were dissi- 
pated (Fig. 7, B). 

A similar, but persistent, abolition of sham rage outbursts 
either upon carotid occlusion or nociceptive stimulation was observed 
when the decorticate cat was subsequently decerebrated by electro- 
lytic coagulation at the posterior mesencephalic level. After intro- 
duction of Thiopental (0.8- 1 mg) into the carotid circulation the 
respiratory and vasomotor responses to carotid occlusion were un- 
modified. These results clearly confirm the previous demonstration 
(23, 24) that small amounts of Thiopental introduced through the 
lingual artery are distributed only to those parts of the brain which 
are supplied by the carotid circulation, i. e. midbrain, diencephalon 
and forebrain, provided that blood flow through the carotid route 
is not interrupted during the injection. 

Summing up, our results point more directly to the wmportance 
played by upper brain mechanisms located above the pontobulbar region 
in determining sham rage outbursts upon carotid occlusion. When 
these mechanisms ave inactivated, either by drugs or by direct injury,’ 
the classical brain stem skeleton of the pressoceptive reflexes becomes 
apparent. Persistent activity in upper brain structures, probably. 
diencephalic, is responsible for greater hypertension and hyperpnea, 
and for superimposed mydriasis, struggling movements and the whole 
patterned response of rage. 


Il. — Effects of increased intrasinusal pressure 


_ While the aforementioned experiments of carotid occlusion seem 
sufficient to establish that an inhibitory influence is exerted by sino- 
carotid pressoceptors on brain centers responsible for rage behavior, 
and that such an influence is tonic in nature, further research appear- 

ed necessary to gain more information on the extent and the effective- 
| “ness of such an inhibitory action. It was therefore decided to test 
increased pressure in the carotid blind-sac on spontaneous -and 
- evoked outbursts of sham rage. ; 

‘ In this group of experiments it was found exceedingly difficult a 
to block or even to restrain the hypothalamic fits reflexly induced 
e; by extero- or nociceptive stimuli. Active inhibition by stimulated 
'pressoceptors could be revealed in favorable preparations only, 
displaying regularly and frequently recurring “‘ spontaneous ” out- 
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bursts of sham rage. Playing upon such a background of rhythmic 
hypothalamic discharges, it could be demonstrated that abrupt 
raising of intrasinusal pressure from 0 to 200 mm Hg was capable of 
blocking or at least decreasing in frequency and strength the somat- 
ic and autonomic fits (Fig. 8, 4). On releasing the intrasinusal 
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and, to some extent, the respiratory components of the rage behavior 
were definitely decreased, probably because of the classical inhibi- 
tory effect at the medullary level, struggling movements and, on 
the whole, the patterned response did not appear to have undergone 
any important modification. Here again, however, cessation of 
‘pressoceptive stimulation was followed by a rebound increase, at 
least of the autonomic components of the rage behavior. It must 
be kept in mind, moreover, that the use of a steady pressure in the 
carotid sinuses might have somewhat reduced the effectiveness of 
pressoceptive stimulation, especially when this was protracted for 
several seconds (13, 19). This is suggested also by the slow rising 
of arterial pressure which is evident in Fig. 8, A during the later 
part of pressoceptive stimulation, but it appears unlikely, on the 
whole, that, at the very high intrasinusal pressure we have used, 
the steady character of the stimulus might have severely impaired 
the observation of more dramatic responses (13). 
. Tt can be concluded that, while pressoceptive discharges exert an 
_ effective inhibitory influence on the spontaneous rhythmic activity of 
the nervous centers which are responsible for rage behavior, this reflex 
inhibitory control is easily overwhelmed by co-stimulation of sensory 
afferents playing an excitatory role upon the same brain mechanisms. 
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induced by carotid occlusion.in the decorticate animal are indistin- 
guishable from those spontaneously occurring or evoked by extero- 
ceptive stimulation. Since it is conceded that the effects of the latter 
type of stimulation result from an excitation of the diencephalic 
structures responsible for rage behavior, one does not see why it 
should be amiss to conclude that when identical patterns of response 
are evoked by carotid occlusion, they result from a release and a 
consequent increase in activity of the same hypothalamic structures. 
This conclusion does not necessarily imply that neurons of the 
caudal hypothalamus are actively and directly inhibited by presso- 5 
4 ceptive firing. Since the posterior hypothalamus is supposed to be 
ri ‘within the sphere of influence of the ascending reticular formation (7), § 
‘3 and this is in some way inhibited by pressoceptive discharges (6), # 
sinocarotid reflexes might influence hypothalamic centers simply & 
by an indirect deactivation, i.e., by restraining the tonic reticular — ; 
drive indispensable for maintaining or discharging hypothalamic | Ps 
activity. 
A partially different explanation is suggested by the existence _ 
‘ an EEG synchronizing and possibly sleep inducing influence, 
eh has been shown (3, 4, 2, 23, 9) to originate from the lower 5 
brain stem, i.e., from regions wherein sinocarotid afferents ‘are 4 
known to terminate. Although the tonic activity of this synchron- — 
izing mechanism appears to be independent of pressoceptive im- : 
pulses, so far at least as electrocortical patterns are concerned (9), it q 
is «nly reasonable to suggest that pressoceptive impulses might ‘ 
utilize this pathway to exert their influence both on the cerebral — 
cortex and on the hypothalamus. Whether such a deactivating _ 4 
mechanism of the lower brain stem should act upon the hypothal- 
-amus ‘through direct pathways or indirectly, e. g. through an i 
i hibition of the midbrain reticular formation, anaes as yet be ee 
Fe _ While these problems remain open to further 
; eee ents pani ot fab those hyp thalan 
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be evoked with pressoceptors intact, mere pressoceptive deafferent- 
ation is incapable of bringing forth hypothalamic overactivity in 
the intact animal. The restraining role of forebrain structures is 
_ obviously much more powerful than that played by the presso- 
ceptors. Furthermore, as we have shown, the latter influence is 
effectively opposed by the reflex excitatory action of a wealth of 
peripheral afferents, which usually play an overwhelming role, at 
least in the decorticate animal. However, one should not be amazed 
to see how easily concomitant excitatory stimuli can conceal the 
reflex inhibitory influence. In commenting on the functional balance 
of the reticular formation, it has been suggested (37) that the tonic 
activity of the reticular structures is likely to be supported by a 
powerful excitatory drive, so that reflex inhibition may be brought 
to light only when firing from the periphery is not too strong and 
intensity of central excitation is not too high. Therefore, the poste- 
rior hypothalamus seems to share one more property with the reticular 
_ formation, or to be strictly dependent upon the level of activity of 
the reticular system itself. At any rate, it would be misleading to 
underestimate the inhibitory contribution of pressoceptive reflexes 
in setting or tuning the level of hypothalamic excitability. Such 
a contribution is far from being irrelevant, if its phasic suppression 
can bring the diencephalic activity of the decorticate animal out 
of apparent silence, and its permanent suppression seems capable 
of decreasing the threshold of diencephalic activation. 

One more conclusion can be drawn from our experiments. An 
increasing number of observations have recently suggested that 
the sphere of influence of sinocarotid and aortic pressoceptors is 
not limited to the bulbopontine vasomotor and respiratory centers 
but includes brain stem mechanisms involved in the regulation of 
scular tone (12, 32, 33, 35) and electrocortical activity (6, 29, 30, 

). Our findings fully agree with the results of these previous 
tigations. However, all the preceding observations were con- 
with regulation of isolated functions which by themselves _ 


characterize. any a cane behavior, or Asie. 
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ready to state that carotid sinus reflexes have any impact on emotions 
also, since we are fully aware of the ancient dispute as to whether 
rage fits in the decorticate animal are associated with subjective 
emotion, or simply represent an exacerbation of the patterned motor 
‘ activity whereon emotion eventually plays (1, 31, 25, 17, 36, 10, 8). — 
ie At any rate, even if one holds to the latter viewpoint that hypothal-. 
ae amic reactions are really “ sham” ‘ pseudoaffective ’’, as they 
: are classically named, it is equally important to see how impulses — 
originating from vascular receptors spread their influence upon ~ 
multifarious autonomic phenomena and somatic reactions as well, 
keeping in abeyance complex patterned responses which at least ; 
subserve consciousness and emotion. 4 
A final point has to be made. The existence of a tonic reflex 
inhibition on hypothalamic activity suggests that the latter also is” 
likely to be tonic in nature, at least in the decorticate animal, where . 
simple removal of the steady pressoceptive influence can bring forth ~ 
‘‘ spontaneouslike ’’ outbursts of hypothalamic activity. The find- — 
ing that such a background of central activity is finely modulated _ 
by peripheral receptors having a well known bearing on homeostasis — 
of autonomic functions hints that the role played by the posterior - 
hypothalamus and its related structures in the normal regulation _ 
of autonomic funcbons may be more important then previously 
supposed. — Ra er guste 
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4. Pressoceptive stimulation by increasing intrasinusal pressure 


succeeded in blocking spontaneously occuring outbursts of sham 
rage, but appeared much less effective in influencing evoked pseudo- 
affective activity. 


5. It is concluded that the central neural mechanisms responsible 


for sham rage behavior are also within the sphere of the inhibitory 
influence of sinocarotid pressoceptors. 


If. 
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ANALYSES 


Progress in Biophysics and Biophysical Chemistry. Vol. IX, J. A. V. Butler 
and B. Katz, Editors. New York and London, Pergamon Press, 1959, 


39° pp., $ 17,50 

The domain of ‘‘ Biophysics and Biophysical Chemistry ”’ is so large 
that this reviewer need not apologize for being on some terms of familiarity 
with the subject matter of only four of the seven chapters and with intimate 
knowledge of only two of these, by W. A. H.Rushton (Cambridge)on ‘‘Visual 
Pigments in Man and Animals and their Relation to Seeing,’ and by 
J. A. B. Gray (London) on “‘ Mechanical into Electrical Energy in Certain 
Mechanoreceptors. ”’ 

Two of the other 5 chapters are closely related topics: ‘‘ The Kinetics 
of Reactions between Haemoglobin and Gases, ’’ by Q. H. Gibson (Sheffield) 
and « Diffusion and Simultaneous Chemical Reaction Velocity in Haemo- 
globin Solutions and Red Cell Suspensions,” by F. J..W. Roughton (Cam- 
bridge). Gibson limits himself to a clear and general presentation of the 
problems and concepts that are in the forefront at the present time in the 
field. Roughton emphasizes in considerable detail a mathematical and 


3 approximation methods, for the uptake of. oxygen, carbon monoxide and 


nitric oxide in flat layers and in spheres of haemoglobin solution, with or 
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to analyze in detail the behavior of organized systems of the cell, and parti- 
cularly of the cell membranes. Signs are clearest in electrophysiology and 
in the study of secretion and uptake of specific substance, but studies on 
the processes of “induction ’”’, in pharmacology, in bacterial genetics and 
biochemistry, and in experimental embryology also reflect the trend. We 
can all the more easily accustom ourselves to regard the phenomena and 
their interrelations with appropriate sophistication when we realize that 
so ‘‘simple’’ a system as haemoglobin also discloses baffling structural 
and dynamic complexity. ea 

A familiar note, particularly to a neurophysiologist in these days of 
““ electronic brains ”’, is an observation by D. A. MacDonald and G. M. Taylor 
(London) in their chapter on ‘‘ The Hydrodynamics of the Arterial Circu- 
lation ’* (p. 109): “‘ It is obvious that when dealing with a system of such 
peculiar and complex properties, many simplifying assumptions must be 
made to start a theoretical analysis; but past experience has shown that 
simplifications made explicitly as an analogy tend to be inherited by suc- 
cessive workers, until the abstractions of the analogue have been taken 
for reality. ”’ 

I cannot make any useful comment on the contents of this chapter, 
nor on the next, by A. Peterlin (Ljubljana) on ‘‘ Determination of Molecular 
Dimension from Light Scattering Data ’’ or the last, on ‘‘ Gradient Centri- 
fugation of Cell Particles: Theory and Applications ”’, by C. de Duve, J. Ber- 
thet, and H. Beaufay (Louvain). These two bracket the two chapters on 
sensory physiology to which I referred above. 

Rushton presents, very elegantly, a unifying picture which is based 
largely on new experimental work from Cambridge, woven into a back- 
ground of other data on biochemistry and physiology of visual processes. 
His analytical treatment leads to a clearly stated theoretical position. 
Unfortunately, there seems to have been considerable time lag between the 
preparation of the paper and its publication. This is an unfair handicap 
against an author in a field which is developing rapidly. Svaetichin’s and 
Tomita’s data on electrophysiology of fish retina are not discussed, nor 
is my subsequent theoretical analysis of the electrophysiology of photo- 
receptors in terms of the general hypothesis of electrically inexcitable elec- 
trogenic processes. 

As a student of the late Selig Hecht’s, I may be overly sensitive to 
what appears to me neglect, more so by others than by Rushton, of Hecht’s 
contributions to the theory of color vision. Rushton cites Hecht’s 1937 
article in Physiological Reviews, but the section on ‘ Visual Pigments in 
the Cones ” (pp. 268-279) has only one mention of Hecht’s work, reference 
to the latter’s ‘‘ celebrated equation ”’ (p. 277).. Hecht’s pioneer attempt 
to correlate a very large body of psychophysical data in terms of a single 
theory, as detailed in articles in. Murchison’s Handbook, Ergebnisse der 
Physiologie, or the Howe Lectures, is not mentioned. Yet, Rushton’s own 
data on color blinds to a considerable extent relate to Hecht’s theory. The 
passage of time inevitably disclosed defects in the latter, some of which 
Hecht himself recognized before his untimely death. He would have wel- 
comed with enthusiasm the remarkable work of Rushton and his collegues, 
and undoubtedly would have himself contributed to the new developments. 

Gray states that (p. 288) ‘‘ The problem to be discussed is the mechanism 
by which certain mechanoreceptors produce receptor potentials in response 
to mechanical changes. ’’ In point of fact, this is one of the areas in which 
the electrophysiologist feels painfully ignorant. At present we have not 
even an inkling of the events which transpire when a stimulus modifies the 
molecular structure of an electrogenic membrane so that the membrane 
develops its transducer action. Most-of us are agreed that this results in 
movements of ions which produce a change in membrane potential. However, 
as Gray correctly states in his brief discussion of “ Theories of Mechanical 

Action ’’ (pp. 316-318) * there is at present no positive evidence as to the 
nature of the process” that is involved in the transducer action. 
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__ Gray concentrates, quite usefully, on the properties of receptor poten- 
tials (pp. 295-302), on the nature of the ionic processes (pp. 311-316), and 
on what he terms “ specialization of the terminals ”’ (pp. 307-311) dilating 
(pp. 305-310) upon “ absence of impulses ’’ in these. Gray and his colleagues 
arrived independently at a view of generator potentials which is related to 
but formulated less precisely than one that I developed in connection with 
the concept of electrically inexcitable electrogenesis. Evidence supporting 
the electrical inexcitability of receptor membranes is now available from 
work on visual sensory systems and on osmo- and mechanoreceptors, including 
the Pacinian corpuscle, but Gray ignores it. His treatment thereby becomes 
essentially phenomenological, lacking the generalizing insight which is 
made possible by the recognition of the fundamental difference between 
receptive membranes and the conductile, and of its consequences. 

Theoretical papers dealing with this subject and available since 1957 
are not cited. Indeed, except for some ‘‘intramural’’ papers there are 
remarkably few reference to publications since 1957 in Gray’s and, as already 
noted, also in Rushton’s papers. Perhaps the authors were required to 
close, sometime in 1957, manuscripts that are now published in a 1959 
volume. In that case the editors and the publishers ought to indicate that 
fact. Authors in the various ‘‘ Annual Reviews’ state the date at which 
their surveys terminated. This is an admirable policy which ought to be 
more widely adopted. 


H. GRUNDFEST 


H. K. BEECHER. Measurement of subjective responses: quantitative effects of 
drugs. Oxford University Press, New York, 1959, xvI-494 pp., $ 12.75. 


The problem of pain, perhaps more than any other aspect of biology, 
has consistently led to heated controversies in the scientific literature. 
The bitter and vituperative arguments that originated with Von Frey and 
Goldscheider have been carried on in milder form until the present time, 
and new controversies have arisen in the course of exploration of the pain 
problem. Despite a vast amount of work, few (if any) aspects of pain are 
agreed on by all the workers in the field: the adequate stimulus for pain 
has never satisfactorily defined; the peripheral fiber groups and the CNS 
pathways involved in transmission have not been unequivocally ascertained ; 
and there is still controversy about the nature of the ultimate perceptual 
event. 3 

There are so many facets to the problem of pain that only a few men 
have succeeded in achieving a command of the whole field. One of these 
is Henry K. Beecher, Professor of Anesthesia at Harvard Medical School. 
His primary interest is the measurement of pain, but he has explored such 
related responses as nausea, euphoria and anxiety as well. In a field notorious 
for generalizations based on one or two uncontrolled clinical observations, 
Beecher stands out for his comprehension of experimental techniques. 
Beecher has for some time now argued effectively for scientific controls 
and statistical analysis in the study of drug-effects on subjective states, 
and his new book, Measurement of subjective responses, represents the most 
forceful, complete exposition of his ideas to date. : , 

The book is composed of two sections. The first deals primarily with 
pain and the problems encountered in the attempt to achieve controlled 
techniques for studying the effects of drugs on pathological pain states. 
The second section contains the results of a series of clinical investigations 
on subjective states: the measurement of ‘“ mental clouding, ” the effects 
of psychomimetic drugs, sedatives and hypnotics, the induction of euphoria 
and dysphoria by various drugs, and the effects of drugs on nausea, anxiety, 
itching and hunger: The first section of the book, then, presents an approach 
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to the problem of subjective states and provides the prototype for the expe- 
rimental studies reported in the second section. ; 

One of the major controversies in the field of pain at present concerns 
the methods of evaluating pharmacological agents for their effectiveness 
in relieving pain. Morphine has long been known to have a profcund effect 
on pain — this is an established clinical fact. Yet to show that this is so 
experimentally has been an astonishingly difficult task. Beecher argues 
effectively against attempts to evaluate drugs when the source of pain is 
radically different from that which is to be treated by the drugs. In particular, 
he musters his forces against the widely-used radiant heat technique proposed 
by Wolff, Hardy and Goodell. Beecher prefaces his book by saying that 
«Many investigators seem grimly determined to establish — indeed, too 
often there does not seem to have been any question in their mind — that 
for a given stimulus there must be a given response; that is for so much 
stimulation of pain endings, so much pain will be experienced.... This fun- 
damental.error has led to enormous waste...._ Work presented here makes 
it clear that there is no simple relationship between stimulus and subjective 
response ”’ (p. x.). Beecher then moves into the debate against Wolff, Hardy 
and Goodell armed with a scholarly knowledge of the literature (there are 
more than a thousand references), a splendid collection of experimental 
data from his own laboratory (at the Massachusetts General Hospital) 
and a capacity to express himself well in a clear and forthright manner. 

The book, then, has two goals: first, to propose a method for the evalua- 
tion of pain and to demonstrate its effectiveness, and second, to attempt 
to clarify knowledge on pain mechanisms as a result of his investigations. 

Pain, argues Beecher, is a function of a multitude of contributing factors 
(with the stimulus representing only one of these contributions), and a 
reliable and valid evaluation of drugs can only take place in the clinic where 
all of these factors are present. Afetr reviewing the great variety of techniques 
for studying pain (Chapter 2), Beecher goes on to point out the amazing 
inconsistency of results that have been recorded. One of the sources of 
great error in many of the techniques is the lack of adequate controls capable 
of showing that a given drug can effectively reduce pain beyond the effect 
of a placebo. Chapter 3, which deals with ‘‘ placebos and placebo reactors ”’, 
makes fascinating reading. By using the ‘‘ double-blind technique ’”’ and 
a sophisticated statistical analysis, Beecher presents convincing data to 
show that a large dose of morphine (15 mg/ 70 kg body weight) relieves 
75% of patients suffering post-operative pain while a placebo such as saline 
is effective for about 35% of patients. That is, ‘‘ of the average pain relief 
produced by a large dose of morphine in treating severe pain, nearly half 
must be attributed to a placebo ’’ effect (p. 65). 

This extraordinary power of placebos is bound to have a disastrous 
effect on experiments which fail to safeguaid against it, and Beecher de- 
scribes in detail the. experimental design and statistical analytic methods 
essential for a valid and reliable outcome. In addition, he includes a valuable 
chapter on experimental design and statistical analysis prepared by Dr. Fre- 
derick Mosteller, Professor of Mathematical Statistics at Harvard? One 
chapter in the first section, which describes an experiment on the potentiating 
effects of a non-analgesic drug (papaverine) on the analgesic action of mor- 
phine and almost all of the second section illustrate convincingly the effec- 
tiveness of Beecher’s techniques in obtaining meaningful data. Beecher 
also includes such essential information as the criteria for pain relief by 
using the scaling methods of psychophysics, the development of question- 
naires, and useful ways of categorizing subjective states. Thus the first 
aim of the book, to elucidate a useful method for studying subjective respon- 
ses, is met in a highly satisfactory way. 

Beecher also successfully achieves his second goal: to throw light on 


the nature of pain mechanisms. In three chapters dealing with the pain 


threshold (Chapters 5, 7 and 8) he succeeds in demolishing the argument 
of Hardy, Wolff and Goodell that pain thresholds are constant among 
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different people and in the same person at different times. The evidence 
is overwhelming that the pain threshold in man is not constant, and Beecher’s 
findings point clearly to the cause: the powerful contribution to the total 
pain experience made by psychological factors such as attention, the meaning 
of the pain to the person, the situation in which it is received and sc on. 
In chapter 9 he deals with these components in detail, and reports his now- 
famous observations on seriously wounded men during World War II: ‘‘ Of 
the wounded soldiers about one-third .... wanted medication to relieve their 
pain and two-thirds did not. Of the civilians suffering from far less tissue 
trauma four-fifths wanted medication to relieve their pain and one-fifth 
did not. Thus the figures are reversed. While the details are discussed else- 
where, the important difference in the two groups seems to lie in their respon- 
ses to the wounds. In the wounded soldier it was relief, thankfulness for his 
escape alive from the battlefield, even euphoria (his wound was a good 
thing); to the civilian his major surgery, even thought essential, was a 
depressing, calamitous event. The civilian group’s pain was strikingly 
more frequent and more severe than that of the soldiers. These data state 
in numerical terms what is known to all thoughtful clinical observers: There 
is no simple, direct relationship between the wound per se and the pain 
experienced. The pain is in very large part determined by other factors, 
and of great importance here is the significance of the wound.... ’’ (p. 165). 

Those interested in pharmacology, psychology, and physiology will 


_ find this book helpful, not only for the ideas but also for the scholarly and 


skillful review of the relevant literature. Beecher has opened new roads 
into the study of pain perception and subjective states generally. His book 
is bound to have an important influence on our understanding of the nature 
of pain and of the effects of drugs on conscious experience. 


ei _ R. MELzack 
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